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Abstract - A 1919 collection of eggs from Jarnadup, near Manjimup, south¬ 
western Australia, was claimed at the time to be from the Western Bristlebird, 
Dasyomis longirostris. This was subsequently disputed by the expert 
ornithologists IT. Whittell and G. Smith. This paper clarifies the discrepancy 
by comparing dimensions of the eggs for all populations in the genus. 
Measurements of the eggs, as well as a consideration of the description of the 
nest, indicate that the clutch is likely to be from the Rufous Bristlebird, 
Dasyomis broadbenti. This leads to two possible conclusions. The dutch 
might be the only known collection of eggs of the now extinct western 
subspecies of the Rufous Bristlebird, D. broadbenti Utoralis, and therefore 
represent a significant extension of the known range of this taxon. The 
alternative, and favoured, explanation is that there is an error in the location 
data, and the eggs are from a Victorian collection of D. b. caryocbrous. 


INTRODUCTION 

Historical records of species occurrence are an 
important source of background information for 
threatened species management (e.g. Garnett and 
Crowley, 2000). They can help to clarify changes in 
the known range of individual species and provide 
information relevant to an understanding of an 
organism's ecological requirements, as well as 
providing specific information, such as clues to 
focus the search for suitable translocation sites. It is 
in this context that past records of occurrence of 
bristlebirds in Western Australia have been 
investigated. Two bristlebird taxa are known from 
south-western Australia - the Western Bristlebird 
(Dasyomis longirostris ) and the western subspecies 
of the Rufous Bristlebird ( D. broadbenti Utoralis) 
(Johnstone and Storr, 2004). Both are classified as 
threatened - D. longirostris is Vulnerable and D. 
broadbenti Utoralis is extinct (Burbidge, 2004). As 
part of this investigation, an historical record from 
jarnadup, Western Australia, has been examined 
more closely, as it is outside the known range of 
both taxa. 

Whittell (1936) noted a collection of two eggs and 
a nest, said to be of the Western Bristlebird, in the 
H.L. White Collection, Museum of Victoria 
(accession number BE03383). it is not clear who 
identified the eggs - it may have been the collector, 
or it may have been S.W. Jackson, who was White's 
collection manager. White's collection register states 
that the eggs were collected by James Stephens 
"near Jarnadup, Warren River, South-West 
Australia" on 10 September, 1919. H.L. White 
purchased the eggs from James Stephens in 1920. 
Nothing further is known about James Stephens. 


Jarnadup (now known as Jardee) was a railway 
siding serving a timber mill about five km SSW of 
Manjimup (Figure 1). As this is well within the 
south-west forest block, it is an unusual location for 
a Western Bristlebird. 

There has been, however, some doubt concerning 
the identification. Whittell (1936), who was a 
resident of the nearby Bridgetown district, 
questioned the identity mainly on the basis that D. 
longirostris specimens known to him all came from 
King George Sound. Smith (1987) argued that the 
eggs were not of D. longirostris because they were 
rather larger than the measurements given by North 
(1901) for the single clutch of D. longirostris eggs 
collected by Masters in the Albany district, and the 
description of the nest did not match that of D. 
longirostris. However, details of the differences 
were not given. 

There are, therefore, two questions: (1) Is the 
location correct? and (2) Are the nest and eggs those 
of Dasyomis and, if so, of which species? This paper 
documents egg variation in Dasyomis and examines 
the above questions in the context of historical 
circumstances and the known distribution of 
Dasvornis species in Western Australia. 

METHODS 

AH known historical and contemporary 
occurrences of bristlebirds in Western Australia 
have been compiled as part of the recovery efforts 
for the threatened Western Bristlebird (Gale and 
Burbidge, 1993; S. Gil fill art, S. Comer, ATI. 
Burbidge, J. Bivth and A. Danks, unpublished). The 
source of these records is ornithological literature 
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and unpublished data gathered by A.H. Burbidge, 
S. McNee, B. Newbey and others. 

In order to determine the identity of the Jarnadup 
eggs, I examined and measured all Dasyornis eggs 
in the Museum of Victoria, South Australian 
Museum and Queensland Museum. Measurements 
for the Masters clutch of D. longirostris from 
Albany were obtained from North (1901) and for 
one clutch of D. brachypterus from the RAOU Nest 
Record Scheme (measured by R. Jordan). Two 
clutches of D. broadbenti and one of D . longirostris 
in the Natural History Museum, Tring, were 
measured by D.G.D. Russell. Measurements of two 
dutches of D. longirostris were obtained from 
Johnstone and Storr (2004). 

Bristlebird eggs in the H.L. White collection were 
also independently checked visually by N. Kolichis, 
who has expert knowledge in egg identification. 

RESULTS 

Location 

When all known records of occurrence are 
considered, Jarnadup is well outside the known 
historical distribution of both D. longirostris and D. 
broadbenti (Figure 1). The only known occurrences 
of D. broadbenti in Western Australia were near 
Cape Mentelle, about 100 km WNW of Jarnadup, 
and near Cape Naturaliste, about 45 km north of 


Cape Mentelle. D. longirostris is currently only 
known from between Hopetoun and Albany, about 
200 km ESE, of Jarnadup, although a small number 
of birds has recently been translocated to near 
Walpole, 100 km to the south-east of Jarnadup 
(Burbidge, 2003). Historically, the Western 
Bristlebird was also known from some 150 km to the 
ESE at Wilson's Inlet in the early 1900s (Whittell, 
1936), from another Gilbert record from near Perth 
(about 250 km to the north) in 1839 (Whittell, 1941; 
Fisher, 1992) and a sub-fossil deposit 90 km west of 
Jarnadup at Skull Cave (Baird, 1991). 

Eggs 

Are the eggs bristlebird eggs? 

The Jarnadup eggs are heavily marked all over 
with fine chocolate brown markings (Figure 2) and 
measure 28.7 x 21.1 mm and 27.8 x 21.2 mm. This is 
within the range of sizes for bristlebird species, but 
larger than the eggs of other Australian passerines 
(Rufous Treecreeper and songlarks) with eggs of 
similar size, colour and patterning (Table 1), 
indicating that there has not been confusion with 
another genus. The clutch size of two is also 
consistent with bristlebirds — in the present data 
set, clutch size was invariably two in the Rufous 
Bristlebird D. broadbenti (n = 52), Eastern 
Bristlebird D. brachypterus (n = 7), and Western 
Bristlebird D. longirostris (n = 2). Egg colour and 



Figure 1 Map of south-western Australia showing the historical distribution of the Western Bristlebird (solid circles). 
Rufous Bristlebird (solid triangle) and place names mentioned in the text (solid squares for townships). 
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Figure 2 Clutch of bristlebird eggs (accession number 
BE03383) from the H.L. White Collection, 
Museum of Victoria, said to have been 
collected near Jarnadup, Western Australia. 
Photograph by Jamie MacFadyen, courtesy R. 
O'Brien and the Museum of Victoria. 

pattern varies considerably in bristlebirds, 
sometimes even within a clutch. These characters 
are therefore not very useful for distinguishing 
between bristlebird species. However, on the basis 
of colour, pattern and shape, the Jarnadup eggs do 
appear to be from one of the bristlebirds. 

Which bristlebird species laid the eggs? 

Given that the eggs are genuine Dasyomis eggs, 
known bristlebird eggs were therefore examined in 
more detail. However, apart from the Jarnadup 
collection, there are few known collections of 
bristlebird eggs from Western Australia. The rarity 
of collections of eggs of D. longirostris means that 
such collections would have been highly prized by 
oologists, some of whom were competitive 
collectors prepared to pay significant sums for eggs 
of rare species (Robin, 2001). It is therefore worth 
documenting known genuine clutches that were in 
existence at the time that H.L. White was amassing 
his collection. 

John Gilbert apparently collected two sets of D, 
longirostris eggs. First, Gilbert (in Fisher, 1992) 


recorded having collected "one nest of this bird 
in a thickly scrubbed Plain near the. Beach about 
four Miles to the South of Fremantle November 28 
1839". Second, a nest with two eggs was collected 
by John Gilbert in the Albany district during his 
second visit to Western Australia (1842-43) 
(Whittell, 1941). A clutch of two eggs in the Gould 
collection at the Natural History Museum, Tring, 
and labelled "Western Australia" appears to be a 
Gilbert collection (C.T. Fisher, pers. comm.). The 
collection is not dated, and it is unclear whether it 
is from near Fremantle or Albany. However, given 
that all Gilbert's extant skins of D. longirostris 
appear to be from King George's Sound, it is likely 
that the eggs in the Natural History Museum are 
also from near Albany. The fate of the other Gilbert 
collection is unknown. 

Another nest with two eggs was collected by G. 
Masters in the Albany district in the late 1860s 
(Smith, 1987) and these are now in the Australian 
Museum, Sydney. Johnstone and Storr (2004) note 
two other collections from near Albany. 

In addition, an old infertile egg of D. longirostris, 
collected by F.L. Whitlock at Wilson's Inlet, was 
broken during attempts to blow it (Whitlock, in 
Whittell 1936). The fragments were added to the 
H.L. White Collection, but removed from the 
collection in 1926 (notes in H.L. White Collection 
Register). There are no other known collections that 
are certainly of D. longirostris eggs. 

One other possible collection is represented by a 
fragment (the small end of the egg) in the Len 
Harvey collection, Museum of Victoria. According 
to Harvey's hand written notes, this egg was said to 
have been collected in the Bunbury area in 1898, 
and given to Harvey when he visited Bunbury in 
1966. It was considered by Harvey to be an egg of 
D. longirostris, but reasons for this are unknown. 
No other information is available. The fragment is 
heavily marked, and is similar in colouration and 
markings to D. broadbenti eggs from Victoria, and 
rather more heavily marked than Gilbert's D. 
longirostris collection. It is therefore possible that 
this egg was from D. broadbenti litoralis. 

The Jarnadup eggs are also similar in colouration 


Table 1 Measurements of eggs of bristlebirds (this study), and of species (Climacteris, Cinclorampbus) with similar 
eggs (Johnstone and Storr 2004). 


Species Dasyomis 

brachypterus 

D. 

broadbenti 

D. 

longirostris 

Jamadup 

clutch 

Climacteris Cincloramphus 
rufa mathewsi 

C 

cruralis 

No of clutches 


7 


52 


4 

1 


10 


16 


17 

No of eggs measured 


13 


99 


8 

2 


22 


42 


48 

Mean Length (mm) 


26.6 


29.9 


23.5 

28.3 


23.7 


21.2 


23.4 

SD 


1.38 


1.33 


0.77 

0.64 







Range 

25.2 

-28.8 

27.2 

-33.7 

22.4 

-24.8 

27.8 - 28.7 

21.2 

-26.5 

19.2 

-23.0 

21.6 

-25.8 

Mean Width (mm) 


19.9 


21.5 


18.4 

21.2 


17.9 


15.5 


16.9 

SD 


1.38 


0.58 


0.33 

0.07 







Range 

17.8 

-22.9 

19.9 

-23.0 

17.8 

-18.7 

21.1-21.2 

16.7 

-20.0 

14.5 

-17.0 

15.8 

-18.5 
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to D. broadband eggs. They are finely and densely 
blotched, of a size and appearance typical of 
bristlebird eggs. However, there appear to be no 
collections of eggs of D. b. litoralis (from south¬ 
western Australia) for comparison. 

Measurements of the Jarnadup eggs fall within 
the range of measurements of 99 eggs from 52 
clutches of D. broadband (Table 1). They are also 
within the range of egg size for D. brachypterus , 
but this species is only known from the eastern 
seaboard, and the background colour of D. 
brachypterus eggs is usually paler. As noted by 
Smith (1987), the Jarnadup eggs are distinctly larger 
than the two D. longirostris eggs from the Masters 
collection measured by North (1901). The eggs of 
the Gilbert collection are very similar in size to 
those of the Masters collection. However, the small 
number of D. longirostris eggs available means that 
we do not know the extent of variation in egg size 
in that species. It is possible, though unlikely given 
the smaller size of the bird (Schodde and Mason, 
1999; Higgins and Peter, 2002), that some eggs of D. 
longirostris could be as large as the Jarnadup eggs. 
In addition, the possibility of geographic variation 
in D. broadband egg size has some bearing on the 
amount of confidence we can have assigning the 
Jarnadup eggs to a particular taxon. 

Keast (1957), on a very small sample, showed that 
wing and bill lengths in D. broadband are smallest 
in Western Australia, intermediate in South 
Australian birds, and longest in Victorian birds. It is 
possible, therefore, that egg size might vary in a 
similar fashion. 

Schodde and Mason (1999) divide D. broadband 
into three subspecies: litoralis between Cape 
Naturaliste and Cape Mentelle in south-western 
Australia, broadband from the Murray mouth. South 
Australia to Port Fairy in Victoria, and caryochrous 
in and near the Otway Ranges. This differs from the 
traditional treatment (Condon, 1951; Keast, 1957) in 
which the eastern populations are separated at the 
South Australian - Victorian border: D. b. whitei in 
South Australia and D. b. broadband in Victoria. 
(Note that as the type locality is in western Victoria, 
determination of the affinities of this population 
determines which subspecific names are available - 
see Schodde and Mason (1999) for details). 

There is a very slight difference in egg length 
between the two subspecific taxa of D. broadband 
in south eastern Australia, but these differences are 
not statistically significant (Table 2). The result is 
the same if the earlier taxonomy of Condon (1951) 
is used. In both cases eggs from birds in eastern 
Victoria are shorter than those from birds in South 
Australia. However, the trend in egg size is 
consistent with the trend in body size noted by 
Keast (1957) and would lead to a prediction that 
eggs of D. b. litoralis would be slightly smaller than 
those from populations in eastern Australia. The 


Table 2 Comparison between the Jarnadup egg 
measurements and those of subspecies of D. 
broadband recognised by Schodde and Mason 
(1999). No eggs of D. b. litoralis are available 
for comparison. 


Subspecies 

n 

Egg length 
(mean, 
mm) 

SD 

Egg width 
(mean, 
mm) 

SD 

caryochrous 

53 

30.1 

1.46 

21.5 

0.55 

broadband 

46 

29.7 

1,14 

21.5 

0.63 

Jarnadup eggs 

2 

28.3 

0.64 

21.2 

0.07 


Jarnadup eggs are smaller than about 80% of eggs 
of eastern D. broadband , consistent with this 
hypothesis. 

Mean egg length in bristlebird taxa is 
proportional to mean wing length, which is a 
surrogate for body size. Using the data for taxa 
other than D. b. litoralis gives a regression equation 
of Y = 7.4 + 0.247X, where Y is mean egg length and 
X is mean wing length. On this basis, mean egg 
length for D. b. litoralis is estimated to be 29.0 mm. 
The mean length of the two Jarnadup eggs is 28.3 
mm, close to the estimated value for D. b. litoralis , 
suggesting that it is possible that the Jarnadup eggs 
are from this taxon. 

However, a final consideration relates to the 
overall appearance of the Jarnadup eggs. In colour, 
pattern and shape they are very similar to 
collections from Victorian D. broadband. 
Examination of all the bristlebird eggs in the H.L. 
White collection by the author and by N. Kolichis 
(pers. comm.) revealed that the Jarnadup eggs are 
almost identical in colour, shape and pattern to a 
1921 collection by H.A. Purcell from Roadknight 
Point, near Anglesea, Victoria, labelled 614H in the 
H.L. White collection. Interestingly, the eggs in this 
clutch are also small for D. b. caryochrous , 
measuring 27.7 x 21.3 mm and 28.1 x 21.6 mm, 
almost identical to the measurements of the 
Jarnadup eggs. In addition, the Jarnadup eggs were 
blown using only a single hole in each egg, 
indicating that this was done by an experienced and 
competent collector. The set marks and holes match 
closely those of the Purcell collection from Anglesea 
(N. Kolichis, pers. comm.). James Stephens is not 
known as a collector; in fact, examination of records 
held at the Western Australian Museum show no 
collections made by him (R.E. Johnstone, pers. 
comm.) and Museum Victoria records show that 
only one other collection is known (R. O'Brien, pers. 
comm.). Such an inexperienced collector would be 
likely to use two holes, one at each end, to blow an 
egg. 

Nests 

The collector's notes for the Jarnadup collection. 













Jamadup Bristlebird 


5 


as stated in the H.L. White collection register are as 
follows: "Nest 2 feet from the ground in clump of 
bushes and vines, nest dome-shaped and composed 
of sticks, bark and grass, lined with fine grass". 

All bristlebirds have dome-shaped nests, but they 
differ in placement of the nest (Higgins and Peter, 
2002). Apart from the Jarnadup nest, all known 
bristlebird nests in Western Australia have been 
within 45 cm of the ground (Whittell, 1936; Smith, 
1987). In contrast. Rufous Bristlebird nests (in 
eastern Australia) are on average 90 cm above 
ground, and can be as high as 170 cm (Higgins and 
Peter, 2002). The height of the Jarnadup nest (60 
cm) is therefore consistent with sites used by 
Rufous, but not Western, Bristlebirds. 

Western Bristlebird nests are constructed mostly 
of rushes, sedges or sedge-like materials, apparently 
with little or no lining (for photographs of a 
Western Bristlebird nest see Taylor (1985)). Rufous 
Bristlebird nests are made of a broader range of 
materials, including rushes, sedges, sticks, twigs, 
bark and leaves. They are normally lined with 
material such as strips of bark, fine dry grass or fur 
(Smith, 1987; Higgins and Peter, 2002). The presence 
of a lining of fine grasses in the Jarnadup nest is 
therefore consistent with what is known concerning 
Rufous Bristlebird nests, but is unlikely to indicate 
a Western Bristlebird. 

Rufous Bristlebird nests are rather larger than 
Western Bristlebird nests, but measurements of the 
Jarnadup nest are not available and recent searches 
in the Museum of Victoria failed to locate it. 

DISCUSSION 

Egg measurements and colouration, nest site, nest 
materials and nest lining of the Jarnadup collection 
are consistent with those of Rufous rather than 
Western Bristlebird. The mean length of the 
Jarnadup eggs is closest to that predicted for the 
now extinct D. b. litoralis, for which there are no 
known clutches. However, the size and colouration 
of the eggs match closely those of some eggs of D, 
b. caryochrous and the method of collection is 
inconsistent with that of an inexperienced collector. 
Taken together, these facts suggest that the 
Jarnadup eggs may have been collected by an 
experienced collector in the Roadknight Point area 
of Victoria, and it is even possible that they were 
laid by the same female as laid Purcell's 614H 
collection. Also, while the clutch was given the 
number 613 in the H.L. White collection, recent 
examination of data slips by R. O'Brien has shown 
that there are two slips with 613 written on them - 
one refers to James Stephens and the Jarnadup 
location, while the other refers to a collection of an 
egg of D. longirostris collected F. Lawson Whitlock 
at Wilson's Inlet, Western Australia, in 1914. It 
seems there are some problems in documentation 


of Dasyornis clutches in the collection. It is possible 
that (i) there was a mistake made during the 
original documentation of the collection, (ii) a 
mistake was made during transcription of data, (iii) 
an unknown party intentionally falsified the 
collection data in order to attract a greater reward 
for a rare collection, or (iv) the original collection 
was actually from Jarnadup in Western Australia 
but someone exchanged the eggs for the more 
commonly collected D. broadbenti eggs. Given the 
confusion on the data labels, it is likely that an 
honest mistake has been made. Nevertheless, given 
the extreme rarity of collections of clutches of D. 
longirostris, and the intense and competitive 
interest in egg collecting a century ago (Robin, 
2001), it is also possible that dishonesty may have 
come to play. McEvey (1981) listed a relatively 
small number of errors known in the H.L. White 
collection but, quoting N.J. Favaloro, also noted that 
"the authenticity of a clutch depends so much upon 
the integrity and expertise of the original collector, 
that mistakes both honest and otherwise must occur 
from time to time". It seems likely that the Jarnadup 
clutch is an example of such a mistake, honest or 
otherwise. 

There is no independent evidence concerning the 
accuracy of the description of the collecting 
location. There is only one other collection 
attributed to James Stephens in the Museum of 
Victoria, and there is no indication that the location 
is incorrect for that collection. McEvey (1981) lists 
seven examples of errors of identity or location 
from the 4200 clutches in the H.L. White collection, 
but there is nothing in this list to enlighten the 
current question. 

Jarnadup is outside the known range of the Rufous 
Bristlebird, thought to have been confined to the area 
between Capes Mentelle and Naturaliste (Higgins 
and Peter, 2002; Johnstone and Storr, 2004). If the 
location is correct, this would represent an extension 
of range by about 90 km to the east, and about 35 km 
further inland than previously known for D. b. 
litoralis. Jarnadup is about 40 km from the coast, 
equal to the maximum distance to the coast for D. 
longirostris elsewhere in Western Australia. It is a 
surprising location for a Western Bristlebird given its 
distance from other known locations, which are 
mostly near coastal, and the fact that in the Jamadup 
area there would only ever have been small pockets 
of potentially suitable vegetation surrounded by 
forest. Another possibility, however, is that Jamadup 
was simply an indication of a general area. Jarnadup 
itself is in an area that once would have been forest - 
not bristlebird habitat. To find suitable habitat, one 
has to go to nearby streamlines that flow into the 
Warren River, but how far away the collection might 
have been made, is unknown. In any case, if the 
location was correct, this would still represents a 
significant range extension. 
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Much of the Jarnadup area has been cleared for 
agriculture, but some remaining swampy areas 
include dense heathy vegetation that could have 
been inhabited by bristlebirds. Western Bristlebirds 
usually occur in heaths, sometimes in woodlands 
with a heathy understorey, but not in forest, while 
Rufous Bristlebirds occur in coastal shrubland and 
heathland, but occasionally temperate rainforest in 
Victoria (Higgins and Peter, 2002). It may therefore 
be possible that a bristlebird could once have 
occurred in the Jarnadup area, but no recent 
searches have been made. 

The existence of sub-fossil material of D. 
longirostris from Skull Cave, near Cape Leeuwin, 
suggests that this species might once have occurred 
along the south coast to the east of there, and hence 
may have once been sympatric with D. broadbenti. 
There are no other known cases of sympatry in 
Dasyornis . However, it is also interesting that S.W. 
Jackson, a very experienced field worker, did not 
record either bristlebird species in the Irwin Inlet to 
Broke Inlet area when he searched there in 1912 
(Abbott, 1998). With or without the possible 
Jarnadup occurrence, the exact nature of the 
historical distribution of bristlebirds between Cape 
Leeuwin and Irwin Inlet therefore remains a 
mystery. 

Previous searches for D. b. litoralis have focused 
on the Leeuwin-Naturaliste Ridge, near the type 
locality. While the results of the present 
investigation indicate that the Jarnadup record is 
probably in error, it does highlight the possibility 
that Rufous Bristlebirds may have occurred further 
east in Western Australia than previously thought. 
Any future searches for this taxon should include 
likely habitat from Jarnadup southwards, although 
it seems likely that much of the potentially suitable 
habitat in this area has been lost, fragmented or 
been subject to inappropriate burning regimes. The 
conclusions of this study also indicate that, given 
that the Jarnadup bristlebird was not a Western 
Bristlebird and there is considerable doubt about 
the validity of the location data, it is not worth 
searching the Jarnadup area for potential 
translocation sites for Western Bristlebirds. These 
conclusions illustrate the value that historical 
museum collections could have in contributing to 
modern day recovery efforts for species that, by 
their very nature, are often difficult to study 
because of their rarity. In the case of bristlebirds, 
they are also cryptic. However, the study also 
highlights the importance of making, and 
maintaining, accurate, precise and unambiguous 
records of species identity and collection location. 
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Abstract - The first cavemicolous members of the goblin spider family 
Oonopidae from Australia are described, all from Western Australia: Opopaea 
ectognophus sp. nov. from the Pilbara region; Opopaea phineus sp. nov. from 
the Kimberly region; and Camptoscaphiella infemalis sp. nov. from Cape 
Range. 


INTRODUCTION 

The Oonopidae are one of the more diverse spider 
families in the world with 472 species in 68 genera 
(Platnick, 2007). They can be found in most 
terrestrial environments but are particularly 
dominant in leaf litter and humus, especially in the 
tropics. The Australian fauna has been little studied 
and at present only nine species have been named: 
Gamasomorpha clarki Hickman, G. loricata (L. 
Koch), G. servula Simon, Grymeus barbatus 
Harvey, G. robertsi Harvey, G. yanga Harvey, 
Oonops leai Rainbow, Opopaea banksi (Hickman), 
Orchestina launcestoniensis Hickman, and the 
introduced Oonops pulcher Templeton (see Davies, 
1985; Harvey, 1987). Six other species originally 
attributed to the Oonopidae by Hickman (1930, 
1932, 1979) - Cornifalx insignis Hickman, 
Oonopinus mollipes Hickman, now Hickmanolobus 
mollipes (Hickman), Tasmanoonops alipes 
Hickman, T. fulvus Hickman, T. inornatus Hickman 
and T. magnus Hickman - were transferred to the 
Orsolobidae by Forster and Platnick (1985) as they 
share the putative synapomorphy of orsolobids (an 
elevated tarsal organ). 

During surveys of several cave and karst systems 
in Western Australia, three anophthalmous, poorly 
pigmented species have been recently collected. 
Although each is represented by only a single 
specimen, the likelihood of obtaining additional 
material in the near future is very small, and 
descriptions of these peculiar species are warranted. 

The material examined for this study is lodged in 
the Western Australian Museum, Perth (WAM). 
The specimens were examined with a Leica MZ16 
microscope. Temporary slide mounts of dissected 
structures were prepared by immersion of 
specimens in concentrated lactic acid or glycerol at 
room temperature for several hours, and mounting 


them on microscope slides with 10 or 12 mm 
coverslips supported by small sections of 0.25 mm 
diameter nylon fishing line. These slide-mounts 
were studied with an Olympus BH-2 compound 
microscope and illustrated with the aid of a 
drawing tube. Measurements were taken at the 
highest possible magnification using an ocular 
graticule. After study the specimens were rinsed in 
water and returned to 75% ethanol with the 
dissected portions placed in 12 x 3 mm glass 
genitalia microvials (BioQuip Products, Inc.). The 
terminology of the female genitalia follows Saaristo 
and Harten (2006). 

SYSTEMATICS 
Family Oonopidae Simon 
Genus Opopaea Simon 
Opopaea Simon, 1891: 560. 

Type species 

Opopaea deserticola Simon, 1891, by monotypy. 

Diagnosis 

As defined by Saaristo (2001) males of Opopaea 
have a greatly enlarged and ovoid pedipalpal 
patella, and the cymbium is completely fused to the 
bulb with no trace of a suture line. Females have a 
depression on the scute behind the epigastric 
furrow and a small rounded protuberance (the 
parmula) situated anterior to the furrow. 

Remarks 

The oonopid genus Opopaea has a world-wide 
distribution and 43 species are currently recognised 
(Platnick, 2007). Species of Opopaea have long been 
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confused with other oonopid genera such as 
Gamasomorpha, but the work of Brignoli (1975, 
1976, 1978) has helped to reduce the confusion by 
providing a redefinition of these genera, with the 
subsequent transfer of some species to other genera. 
The main criterion that distinguishes Opopaea from 
most other genera of Oonopidae is the unusual 
shape of the male pedipalp in which the patella is 
greatly enlarged (Figure 4) (Brignoli, 1975; Saaristo, 
2001). This character state is also shared with 
Marsupopaea Cooke and Camptoscaphiella 
Caporiacco (Cooke, 1972; Brignoli, 1976, 1978). 
Males of Marsupopaea can be recognised by the 
deep "pouch" under the mouthparts which receives 
the pedipalps (Cooke, 1972). Camptoscaphiella can 
be distinguished from both of these genera by the 
lack of fusion of the cymbium to the bulb (Brignoli, 
1976, 1978). Several species currently listed within 
Opopaea do not exhibit the diagnostic morphology 
of the male pedipalp with the enlarged patella, 
combined with the completely fused cymbium and 
bulb, including O. foveolata Roewer from 
Micronesia, O. calona Chickering from Florida, 
U.S.A., O. fosuma Burger from central Sumatra and 
O. viamao Ott from Rio Grande do Sol, Brazil (see 
Burger et al ., 2002; Chickering, 1969; Ott, 2003; 
Roewer, 1963). The relationships of these unusual 
species must be tested via comprehensive phylo¬ 
genetic analyses on a wide range of taxa. 

The Australian members of Opopaea have been 
little studied and the sole described species until 
now is O. banksi (Hickman) from Reevesby Island, 
South Australia. The various Australian museum 
collections contain vast numbers of new species 
(Harvey, unpublished data). The two new species 
are the first fully blind species to be recorded from 
Australia. Opopaea ectognophus differs from most 
species of Opopaea by lacking sternal apodemes 
leading away from coxae II-IV (Figure 2), but the 
morphology of the male pedipalp conforms closely 
to the generic diagnosis presented by Saaristo 
(2001) and we therefore attribute this species to 
Opopaea. Opopaea ectognophus and O. phineus 
also resemble other members of the genus by the 
presence of paired apodemes leading posteriorly 
from the genitalic region. These apodemes have 
been illustrated for the males and females of 
numerous species of Opopaea and other some 
oonopid genera (Saaristo, 2001) and will prove to 
be an important feature in assessment of the 
phylogenetic studies of the family. 

Opopaea ectognophus sp. nov. 

Figures 1-5 

Material examined 

Holotype 

Australia: Western Australia: S, Mesa G, 24.8 km 


SW of Pannawonica (Borehole MEGRC0130, trap 2), 
21°44T0' , S, 116°06'28"E, depth 20 m, March-May 
2005, M. Greenham, D. Kamien and L. Mould 
(WAM T65789). 

Diagnosis 

Opopaea ectognophus and O. phineus are the 
only fully blind species of the genus currently 
known. Opopaea ectognophus differs from O. 
phineus as follows: it is significantly smaller than 
O. phineus (total length 1.12 versus 1.50 mm); the 
dorsal abdominal scute only partially covers the 
opisthosoma (it covers all of the opisthosoma in O. 
phineus ); the postero-lateral margins of the 
carapace rounded and less angulate in O. 
ectognophus (they are angulate in O. phineus ); and 
the sternum of O. ectognophus lacks apodemes 
leading away from coxae II-IV (apodemes are 
present in O. phineus ). 

Description 

Adult male (WAM T65789) 

Colour: pedipalp deep orange-red; prosoma, 
chelicera, legs and opisthosoma pale yellow; soft 
areas white. Carapace (Figure 1): ovoid; 1.38 times 
longer than broad; setae sparse. Eyes: absent. 
Clypeus: clypeus and posterior ridge of pars 
cephalica with only a few fine setae. Sternum 
(Figure 2): smooth; fused with carapace; longer than 
wide; sparsely covered with short, thin setae; 
without apodemes leading away from trochanters 
II-IV. Labium: fused with sternum; anteriorly 
indented; 12 setae on anterior margin and 2 medial 
setae. Chelicera (Figure 3): 2.14 times longer than 
wide; without teeth; with median lamella; fang 
without proximal lobe; anterior inner margin with 
distal setae. Opisthosoma (Figures 1, 2): ovoid; 1.97 
times longer than broad; dorsal scute partially 
covering opisthosoma; ventral scute partially 
covering opisthosoma and is divided by epigastric 
furrow; book-lung covers without setae, colour 
similar to surrounding cuticle. Colulus: long and 
slender with 2 setae; sclerotised ring incompletely 
surrounding spinnerets and colulus. Male pedipalp 
(Figures 4, 5): trochanter and femur minute; patella 
ovoid, greatly enlarged and swollen, attached to 
femur medially; ovoid tibia minute with 2 
trichobofhria; cymbium completely fused to bulb 
without suture line; cymbium covered with 
plumose setae; tip of bulb stout and complex, 
containing distinctive concavities. Genital region 
(Figure 2): operculum slightly ovoid and relatively 
large; posteriorly directed apodemes present. Legs: 
without spines; inferior tarsal claw absent; leg I 
tarsal claws with 6 ventral clawlets in a single row, 
1 distal trichobothrium on metatarsus and 3 equally 
spaced trichobothria on tibia; leg II tarsal claws 
with 6 large ventral clawlets and an internal row of 
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Figures 1-5 Opopaea ectognophus sp. nov., holotype male: 1, dorsal aspect; 2, ventral aspect; 3, left chelicera and 
maxilla, anterior aspect; 4, left pedipalp, prolateral aspect; 5, tip of embolus, detail. Scale lines = 0.5 mm 
(Figures 1-2), 0.1 mm (Figures 3-5). 


5 ventral clawlets, 1 distal trichobothrium on 
metatarsus and 3 equally spaced trichobothria on 
tibia; leg III tarsal claws with 4 ventral clawlets, 
internal row not visible, 1 subdistal trichobothrium 
on metatarsus and 3 equally spaced trichobothria 


on tibia, teeth on superior tarsal claws shaped 
differently to other legs. 

Dimensions (mm), holotype 6: total length 
(excluding chelicerae) 1.12. Carapace length 0.47, 
width 0.34, height 0.10. Sternum length 0.37, width 
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0.28. Opisthosoma length 0.65, width 0.33. Chelicera 
length 0.15, width 0.07. Pedipalp: femur 0.08, 
patella 0.25, tibia 0.05, tarsus 0.17, total 0.55. Leg I: 
femur 0.32, patella 0.19, tibia 0.24, metatarsus 0.18, 
tarsus 0.11, total 1.04. Leg II: femur 0.30, patella 
0.19, tibia 0.22, metatarsus 0.17, tarsus 0.11, total 
0.99. Leg III: femur 0.23, patella 0.13, tibia 0.19, 
metatarsus 0.13, tarsus 0.11, total 0.79. Leg IV 
missing. 

Remarks 

This species is only known from a single adult 
male specimen collected from a leaf litter-baited 
trap placed at 20 m depth within a borehole drilled 
within an iron-bearing pisolite mesa in the 
Pannawonica region of Western Australia (Figure 
14). Pisolitic mesa deposits within this region have 
been found to support a number of other troglobitic 
organisms such as schizomids and pseudoscorpions 
(unpublished data). 

Etymology 

The specific epithet is a noun in apposition and 
refers to the subterranean habitat of this species 
(ekto, Greek, out of; and gnophos , Greek, darkness). 


Opopaea phineus sp. nov. 

Figures 6-8 

Material examined 

Holotype 

Australia: Western Australia: $, cave KNI-27, 
Ningbing Range, Western Australia, Australia, 
15°17'S, 128°4TE, 16 May 1994, R.D. Brooks, BES 
2881 (WAM T65943). 

Diagnosis 

Opopaea phineus and O. ectognophus are the 
only fully blind species of the genus currently 
known. Opopaea phineus differs from O. 
ectognophus by being significantly larger (total 
length 1.50 mm versus 1.12 mm), the dorsal 
abdominal scute covers all of the opisthosoma (only 
partially covers the opisthosoma in O. 
ectognophus ), the shape of the carapace in which 
the postero-lateral margins of O. phineus are more 
angulate than in O. ectognophus, and the sternum 
of O. phineus bears apodemes leading away from 
coxae II—IV which are absent in O. ectognophus. 

Description 

Adult female (WAM T65943) 

Colour, pale orange; soft parts white. Carapace 
(Figure 6): ovoid; 1.33 times longer than broad; 
narrowing anteriorly; postero-lateral corners 
angular, not evenly rounded; setae distributed over 


surface, predominately anteriorly and medially. 
Eyes: absent. Clypeus: clypeus and posterior ridge 
of pars cephalica with several long forwardly 
projecting setae. Sternum (Figure 7): longer than 
wide; fused with carapace; posteriorly rounded; 
covered with thin setae; with apodemes leading 
away from trochanters II—IV- Labium: fused with 
sternum; anteriorly indented; 2 setae on anterior 
margin and 2 situated subdistally. Chelicera: 
without teeth; with median lamella; fang without 
- proximal lobe; anterior inner margin with distal 
hairs. Opisthosoma (Figures 6, 7): ovoid; 1.7 times 
longer than broad; extensive non-overlapping 
dorsal and ventral plates; ventral plate divided into 
2 by epigastric furrow which extends to lateral 
margins of ventral plate. Colulus: small with 2 
setae; sclerotised ring only surrounding spinnerets 
and colulus ventrally. Female genitalia (Figure 8): 
with thick transverse muscle plate from which 
arises a small anterior spherical lobe (the parmula), 
and a large thin-walled anterior receptaculum; 
posterior receptaculum apparently absent; 
posteriorly directed apodemes present. Pedipalp: 
tibia with three serrate trichobothria dorsally; claws 
absent. Legs: without spines; inferior tarsal claw 
absent; leg I tarsal claws with 8 ventral clawlets and 
an internal row of 6 lateral clawlets, 1 distal 
trichobothrium on metatarsus and 3 trichobothria 
on tibia; leg II tarsal claws with 8 large ventral 
clawlets and an internal row of 6 ventral clawlets, 1 
distal trichobothria on metatarsus and 3 
trichobothria on tibia; leg III tarsal claws with 5 
ventral clawlets, internal row of 4 lateral clawlets, 1 
subdistal trichobothrium on metatarsus and 3 
trichobothria on tibia; leg IV tarsal claws with 4 
ventral clawlets, and an internal row of 4 lateral 
clawlets; 1 subdistal trichobothrium on metatarsus 
and 3 trichobothria on tibia. 

Dimensions (mm), holotype $: total length 
(excluding chelicerae) 1.50. Carapace length 0.64, 
width 0.48, height 0.16. Sternum length 0.46, width 
0.35. Opisthosoma length 0.85, width 0.50. 
Pedipalp: femur 0.14, patella 0.10, tibia 0.08, tarsus 
0.15, total 0.47. Leg I: femur 0.45, patella 0.25, tibia 
0.31, metatarsus 0.25, tarsus 0.18, total 1.44. Leg II: 
femur 0.41, patella 0.23, tibia 0.30, metatarsus 0.27, 
tarsus 0.18, total 1.39. Leg III: femur 0.31, patella 
0.17, tibia 0.22, metatarsus 0.24, tarsus 0.17, total 
1.11. Leg IV: femur 0.44 (0.14), patella 0.26, tibia 
0.35, metatarsus 0.29, tarsus 0.19, total 1.53. 

Remarks 

Opopaea phineus occurs in cave KNI-27 which is 
situated in the Ningbing Range of northern Western 
Australia (Figure 14). The cave is found within 
limestone karst and forms part of the Devonian Reef 
system of Upper Devonian (probably Famennian) 
age (Humphreys, 1995). Like O. ectognophus , this 
species is remarkably modified for a troglobitic 
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Figures 6-8 Opopaea phineus sp. now. holotype female: 6, dorsal aspect; 7, ventral aspect; 8, genital region, ventral. 
Scale lines = 0.5 mm (Figures 6-7), 0.2 mm (Figure 8). 
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existence as it completely lacks eyes. Although we 
have had access to only a single female specimen, 
this species is clearly distinct from all others of the 
genus. 

Etymology 

The specific epithet is a latinised noun in 
apposition and refers to the mythical prophet 
Phineus, struck blind by Zeus and referring to a 
blind person. 

Genus Camptoscaphiella Caporiacco 

Camptoscaphiella Caporiacco, 1935: 118; Brignoli, 
1976: 230-232; Brignoli, 1978: 33. 

Type species 

Camptoscaphiella fulva Caporiacco, 1935, by 
monotypy. 

Diagnosis 

As defined by Brignoli (1976, 1978), males of 
Camptoscaphiella have an enlarged and ovoid 
pedipalpal patella and the cymbium is not fused to 
the bulb. 

Remarks 

Only five species are currently attributed to 
Camptoscaphiella Caporiacco: C. fulva Caporiacco 
from Karakorum (Caporiacco, 1935; Brignoli, 1976), 
C. strepens Brignoli and C. silens Brignoli from 
Nepal (Brignoli, 1976), C. hilaris Brignoli from 
Bhutan (Brignoli, 1978) and C. sinensis Deeleman- 
Reinhold from south-western China (Deeleman- 
Reinhold, 1995). Ischnothyreus shillongensis 
Tikader from Bhutan and possibly India (Tikader, 
1968) was transferred to Camptoscaphiella by 
Brignoli (1976), but was later reinstated to 
Ischnothyreus by Brignoli (1978). The type species 
of Camptoscaphiella, C. fulva, is regrettably known 
only from a juvenile, thus compromising any 
attempts to adequately define the genus. Brignoli 
(1976, 1978) based his diagnosis of the genus upon 
C. strepens, C silens and C hilaris, for which he 
had adult specimens but a proper definition of the 
genus will only be possible when adults of C. fulva 
are described. 


Camptoscaphiella infemalis sp. nov. 

Figures 9-13 

Material examined 

Holotype 

Australia: Western Australia : 6, Cape Range 
region, Learmonth Limestone bore #LL11, 
[22°13'27”S, 114°0T52"E], depth 31 m, 6 April 2001, 
R.D. Brooks (WAM T54533). 


Diagnosis 

Camptoscaphiella infemalis differs from all other 
described species of Camptoscaphiella, except C. 
sinensis Deeleman-Reinhold from south-west China, 
by the complete lack of eyes. This species differs 
from C sinensis as it is much smaller in size, 1.19 
mm compared with 1.48 mm, has dorsal and ventral 
scutes, which are lacking in C. sinensis, and the male 
pedipalp differs in shape and relative proportions of 
the segments (Deeleman-Reinhold, 1995). 

Description 

Adult male (WAM T54533) 

Colour. Prosoma, legs, and chelicera yellow- 
orange; opisthosoma pale yellow; pedipalp orange; 
soft parts white. Carapace (Figure 9): ovoid; 1.35 
times longer than broad; setae sparse. Eyes: absent. 
Clypeus: clypeus and posterior ridge of pars 
cephalica with a few small setae. Sternum (Figure 
10): longer than wide; fused with carapace; sparsely 
covered with short, thin setae; without apodemes 
leading away from trochanters II-IV. Labium: fused 
with sternum; anteriorly indented; 11 setae on 
anterior margin, 2 situated subdistally, and 2 setae 
situated medially. Chelicera (Figure 11): 2.38 times 
longer than wide; without teeth; with median 
lamella; fang without proximal lobe; anterior inner 
margin with distal setae. Opisthosoma (Figures 9, 
10): opisthosoma ovoid; 2.06 times longer than 
broad; small dorsal and ventral scutes partially 
covering opisthosoma; book-lung covers not 
apparent. Colulus: weakly sclerotised; colulus and 
ring not evident. Male pedipalp (Figures 12, 13): 
trochanter minute; patella enlarged and swollen, 
attached to femur subbasally; tibia small, with 3 
dorsal serrate trichobothria; cymbium relatively 
short, covered with plumose setae, and separate 
from bulb; pedipalpal bulb, enlarged and swollen 
posteriorly, tapering to a stout embolus with 
complex tip. Genital region (Figure 10): operculum 
slightly ovoid; posteriorly directed apodemes 
apparently absent. Legs: without spines; inferior 
tarsal claw absent; leg I tarsal claws with 7 ventral 
clawlets with ca. 10 lateral clawlets on internal row, 
1 distal trichobothrium on metatarsus and 3 
trichobothria on tibia; leg II tarsal claws with 5 large 
ventral clawlets and an internal row of ca. 8 lateral 
clawlets, 1 distal trichobothrium on metatarsus and 

3 trichobothria on tibia; leg III tarsal claws with 5 
ventral clawlets and an internal row of ca. 6 lateral 
clawlets, 1 subdistal trichobothrium on metatarsus 
and 3 trichobothria on tibia, teeth on superior tarsal 
claws shaped differently to other legs; leg IV tarsal 
claws with 4 large ventral clawlets, internal row of 

4 lateral clawlets, 1 subdistal trichobothrium on 
metatarsus and 3 trichobothria on tibia. 

Dimensions (mm), holotype <3: total length 
(excluding chelicerae) 1.19. Carapace length 0.50, 







Three new Oonopidae 


15 



Figures 9-13 Camptoscaphiella intcrnalis sp. nov., holotype male: 9, dorsal aspect; 10, ventral aspect; 11, left chelicera, 
anterior aspect; 12, left pedipalp, prolateral aspect; 13, left pedipalp, retrolateral aspect. Scale lines = 0.5 
mm (Figures 9-10), 0.1 mm (Figures 11-13). 


width 0.37, height 0.19. Sternum length 0.36, width 
0.29. Opisthosoma length 0.68, width 0.33, Chelicera 
length 0.19, width 0.08. Pedipalp: femur 0.11, 
patella 0.19, tibia 0.06, cymbium 0.10, bulb 0.22, 
total (excluding pedipalpal bulb) 0.46. Leg 1: femur 
0.36, patella 0.19, tibia 0.27, metatarsus 0.22, tarsus 


0.16, total 1,20. Leg II: femur 0,30, patella 0.IS, tibia 
0.22, metatarsus 0.20, tarsus 0.16, total 1.06. Leg Ill: 
femur 0.28, patella 0.12, tibia 0.18, metatarsus 0.19, 
tarsus 0.16, total 0.93. Leg IV: femur length 0.36 
(0.08), patella 0.20, tibia 0.27, metatarsus 0.25, tarsus 
0.21, total 1.29. 
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Figure 14 Map showing known distributions of Opopaea ectognophus sp. nov. (■), Opopaea phineus sp. nov. (•) 
and Camptoscaphiella infernalis sp. nov. ((•)). 


Remarks 

Camptoscaphiella infernalis is the only Australian 
species of the genus in which eyes are totally 
absent, which is consistent with its subterranean 
existence. It is only known from an individual 
specimen collected from a leaf litter-trap placed 
down a borehole at 31 m depth. The borehole was 
drilled into limestone karst present in the Cape 
Range region of Western Australia (Figure 14), a 
system that is known to contain many other 
troglobites and stygobites (e.g. Adams and 
Humphreys, 1993; Harvey et al, 1993; Knott, 1993; 
Humphreys, 2000). 

Etymology 

The specific epithet is an adjective referring to the 
subterranean habitat of this species ( infernalis , 
Latin, belonging to the lower regions). 

DISCUSSION 

The three species described in this paper 
represent the first cavernicolous Oonopidae to be 
named from Australia. Their pale colouration and 
total lack of eyes (Figures 1, 6, 9) suggests that they 
are permanent inhabitants of subterranean spaces 
in karst systems, with Opopaea ectognophus and 
Camptoscaphiella infernalis found in the Pilbara 
region, and O. phineus found in the Kimberley 


district. Opopaea phineus and Camptoscaphiella 
infernalis were taken from limestone deposits 
whilst O. ectognophus was from a pisolite 
formation. 

Most oonopids possess six relatively large eyes 
which represents the plesiomorphic feature in the 
Oonopidae and other dysderoid families (Platnick 
et al. , 1991). Species with various forms of eye 
reduction have also been recorded, including those 
that retain the six eyes but have one or more pairs 
reduced in size. Others retain at least one pair of 
eyes, but one or more of the other pairs have been 
lost. The most extreme form of eye reduction 
occurs when all eyes are absent. Such blind 
oonopids have been found in several regions of 
the world (Deeleman-Reinhold, 1995), including 
Africa ( Blanioonops patellaris Simon and Fage, 
Caecoonops apicotermitis Benoit, C cubitermitis 
Benoit, Cousinea keeleyi Saaristo, Termitoonops 
apicarquieri Benoit, T. bouilloni Benoit, T. faini 
Benoit, T. furculitermitis Benoit, T. spinosissimus 
Benoit), Asia ( Dysderoides typhlos Fage and 
Camptoscaphiella sinensis Deeleman-Reinhold), 
and North America ( Wanops coecus Chamberlin 
and Ivie). The three species described here 
represent the first recorded anophthalmous 
oonopids from the Australian region, and 
probably represent three separate incidents of eye 
loss. 
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Abstract - Hitherto, the bivalve watering pot shells (Subclass 
Anomalodesmata) have been considered to be all contained within one 
superfamily - the Clavagelloidea - it too possessing but one family and 
generally comprising two functional Hades: (i) the extinct Clavagella and the 
nestling/boring Dacosta and (ii) the endobenthie Brechites, Penicillus , Foegia, 
Kendrickiana and Nipponoclava (plus the fossil Fseudobrechites and 
Warnea), and Stirpulina. The cemented Pliocene-Recent Humphrevia can be 
derived from an endobenthie Brechites -like ancestor ( Nipponoclava), making 
a third functional entity. The genus Dianadema also comprises species that 
are cemented. Recently, the endolithic Bryopa has been proposed as a fourth 
Hade and a unique extension of the clavagellid line of evolution in which the 
anterior region of the right valve is dissolved as the animal bores deeper. The 
above studies, in broadening our understanding of the range of superfamilial 
functional diversity, however, raise questions with regard to the, as currently 
defined, taxonomic arrangement of the Clavagelloidea. 

Species of the extinct genus Clavagella and their extant allies, notably 
Dacosta, have an internal ligament (but no lithodesma) located between 
chondrophores, both adductor muscles, a pallial line with a pallia! sinus, and 
no pedal disc. Further, although Dacosta, Bryopa , Dianadema and Stirpulina 
cement their left valves to the wall of their crypt or adventitious tube, the 
right is free inside it. Conversely, both shell valves of Brechites and its allies, 
including the cemented Humphrevia , become surrounded by and united 
marginally with an adventitious tube and to which they are then fused by a 
calcareous secretion produced from the underlying mantle. Moreover, 
Brechites and Humphreyia have an external ligament (the latter with a 
lithodesma), are functionally amyarian as adults, have no pallial sinus and 
develop a watering pot anteriorly, internal to which is a highly muscular 
pedal disc. Most important, however, Humphrevia, at least, has a distinct 
post-planktonic life history stage in which a free-living, typical bivalve 
juvenile, metamorphoses into a tube-dwelling adult. At this time, shell growth 
ceases and only the tube can be extended posteriorly and repaired. This is not 
the case with Clavagella and its allies although at some stage the juvenile 
does cement itself to its burrow wall hut shell growth, especially of the free 
right valve, can continue. 

All watering pot bivalves possess juvenile shells that in overall form and in 
the possession of distinct radial striae are reminiscent of representatives of 
the Lyonsiidae, suggesting a possible ancestry. The clavagellid fossil record 
shows that Clavagella and its allies (Dacosta, Bryopa , Dianadema and 
Stirpulina ) arose in the Upper Cretaceous and are thus of Tethyan origin. 
Clavagellids have subsequently radiated into nearly all tropical waters. 
Conversely, the perilci 11 id Brechites and its tube-dwelling allies, plus 
Humphrevia , arose at least 40 million years later, in the Oligocene, and have 
an Indo-VVest Pacific distribution. 

It is argued, therefore, that the Clavagelloidea, as currently defined, 
comprises two families. Clavagella sensu stricto and sensu lato (including 
Dacosta > Bryopa , Dianadema and Ascaulocardium), with Stirpulina, belong to 
the Mesozoic and originally-Tethyan Clavagellidae d'Orbignv, 1843. Brechites 
sensu stricto and sensu lato , with Humphrevia, belong, with the various 
endobenthie allies of the former, to the Cenozoic and hido-West Pacific 
Penicillidae Bruguiere, 1789. Both families appear to have evolved at different 
times probably from 1\ on-lid ancestors. In such a scenario, they have both 
subsequently radiated into a wide range of marine habitats involving a 
considerable and remarkable degree of convergent evolution, for example, 
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between the endobenthic tube-dwelling Stirpulina (Clavagellidae) and 
Brechites (Penicillidae) and the cemented Dianadema (Clavagellidae) and 
Humphreyia (Penicillidae). Only Dacosta and Bryopa (Clavagellidae), 
however, have adopted endolithic, nestling/boring life styles, with no 
penicillid counterpart. The burrow lining was thus essentially exaptive for 
the evolution of an adventitious tube ( Stirpulina ) in the Clavagellidae whereas 
that of the Penicillidae evolved, not just independently, but probably from a 
burrowing ancestor, like Nipponoclava, 

Key words: Watering pot shells, Upper Cretaceous, Clavagellidae, Oligocene, 
Penicillidae, evolution of tube-dwelling, cementation, boring/nestling, 
neoteny, heterochrony, convergent evolution. 


INTRODUCTION 

'It seems as if nature had taken precautions 
that her choicest treasures should not be 
made too common and thus undervalued' 

(A.R.Wallace, 1869) 

Purchon (1968) considered the remarkable growth 
form of the watering pot shell Brechites penis 
(Linnaeus, 1758) to be 'the most bizarre in the whole 
class [Bivalvia].' Pojeta and Sohl (1987) described 
the Cretaceous anomalodesmatan clavagellid 
Ascaulocardium armatum and called it 'the 
ultimate variation on the bivalve paradigm'. As we 
shall see, however, A. armatum is just as bizarre as 
the endobenthic Brechites vaginiferus (Lamarck, 
1818) and its allies but, arguably and as will be 
illustrated, not so amazing as the total spectrum of 
watering pot shell diversity. B.J. Smith (1998) 
described the Clavagellidae as 'the most aberrant of 
the bivalve families.' So bizarre (and generally rare) 
are fossil species of Stirpulina that the "Mysterious 
Fossils" pages of the Palaeontology Newsletter 
(Little, 2005) asked readers for help in identifying a 
species from the Plio-Pleistocene of Nicosia, 
Cyprus. Similarly if fossil watering pot shells are 
"rare", extant species are arguably, for so obviously 
amazing shells, among the rarest of living animals 
too. As this review will document, the original 
researches upon which it is based and that I have 
undertaken over a period of more than 20 years 
typically involved examination of single, preserved 
individuals scoured from museums worldwide. For 
example, the Japanese Stirpulina ramosa (Dunker, 
1882) is known from only one or two specimens 
and has never (to my knowledge) been collected 
alive (Morton, 2006a). 

The extinct and modern representatives of the, as 
currently defined, Clavagelloidea are also so 
strange that an obvious ancestral group is 
unknown. On the basis of an anatomy-based 
cladistic study, however, Flarper et ah (2000) linked 
the superfamily to the predatory deep water 
septibranch families Verticordiidae, Lyonsiellidae, 
Poromyidae and Cuspidariidae as a sister group to 
the Lyonsiidae. Dreyer, Steiner and Flarper (2003), 
on the basis of an 18S rRNA sequencing study of 
many anomalodesmatans, also concluded that the 


Lyonsiidae constituted the closest relatives of the 
Clavagelloidea. 

Carter (1978) suggested that the tube-dwelling 
Clavagelloidea evolved from deeply burrowing 
bivalves, probably representatives of the 
Pandoroidea although Pojeta and Sohl (1987) 
thought that they had evolved during the Jurassic - 
Early Cretaceous from an ancestral representative 
of the Pholadomyidae. Morton (1985a) considered 
that the closest relatives of the Clavagelloidea were 
to be found among representatives of the 
Thracioidea, notably the Laternulidae (also with 
externally spinulose shells, Aller, 1974), with links 
back to the Pholadomyoidea (Morton, 1980). In the 
latter case this was because of an inferred common 
ability to take in interstitial water from sub-surface 
sediments via the pedal gape. This ability has now 
been demonstrated for Brechites vaginiferus and 
Foegia novaezelandiae (Morton, 2002a, 2004a). 

The current level of knowledge with regard to the 
fossil record of the Clavagelloidea also hinders the 
identification of an ancestor, particularly as many 
details of the adventitious tube find similar 
structure and common function with other tube¬ 
building bivalves, for example, Eufistulana mumia 
(Spengler, 1783) (Gastrochaenidae) (Morton, 1983). 
Eames (1957) provided an example of the problem 
by describing a putative clavagelloid, Kitsonia 
eocina (Kitsoniidae), from the Eocene of Nigeria, 
but which with the presence of a distinct set of 
hinge teeth, is clearly not even an anomalodesmatan 
that generally lack them (Morton, 1981, 1985a). The 
accepted taxonomic classification, pattern of 
adaptive radiation and evolution of the 
Clavagelloidea have, thus, in this author's view, 
been misinterpreted. 

Three recent studies suggest that the present 
location of all watering pot shells within one family 
may not be appropriate. 

1. Savazzi (1999, pp. 231-232) stated: 'It cannot be 
excluded that the Clavagella and Brechites 
lineages [my italics] represent a case of parallel 
evolution, rather than successive evolutionary 
phases within the same phylogenetic lineage. In 
this scenario, Clavagella might have evolved 
from secondary borers, while Brechites might 
instead be a direct descendent from burrowers. 
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A parallel evolution of the two lineages from 
ancestors with different life habitats (albeit 
belonging to the same taxonomic group) could 
explain their different morphological characters, 
which are too dissimilar to allow an un¬ 
questionable interpretation of Brechites as an 
offshoot of Clavagella.' Savazzi (2000, p. 324) 
continues with this theme, identifying 
Clavagella, Ben id llus and Bryopa "groups", or 
clades, suggesting that they all represent 
monophyletic "lineages" and 'may justify the 
introduction of three subfamilies'. Most recently, 
Savazzi (2005, p. 80) states: 'The family 
Clavagellidae contains two separate adaptive 
(and most likely phylogenetic) lineages, called 
the Clavagella lineage and Penicillins lineage by 
Savazzi (2000)'. 

2. A fourth cemented clavagelloid clade has been 

identified recently and is represented by two 
Australian genera, Humphrey ia and 

Dianadema (Morton, 2002b, 2003a). Hitherto 
poorly studied, Humphreyia strangei (A. 
Adams, 1854) was considered by L.A. Smith 
(1962a, text-fig. 1) to represent a Recent 
offshoot of the Clavagella line. A study of H. 
strangei by Morton (2002b), however, has 
shown to the contrary that Humphreyia is most 
closely linked to the Brechites (or Penicillus) 
"lineage" (as Savazzi, 1999 and 2005 puts it). 
Moreover, Dianadema multangulari$ (Tate, 
1887) has hitherto been placed in the genus 
Clavagella (B.J. Smith, 1971, 1976) but Morton 
(2003a) has shown that it is distinct in that it 
possesses a crown of tubules arising from the 
apex of the crypt, as also seen in the Indian 
Ocean D. mascarenensis recently described by 
Oliver and Holmes (2004) and the fossil 
Ascaulocardium armatum (Pojeta and Sohl, 
1987). 

3. Morton (2005, 2006a) has studied the structure 
and method of formation of the adventitious 
tubes of the fossil clavagellid Stirpulina coronata 
(Deshayes, 1824) and the extant Stirpulina 
ramosa and showed that the process involved is 
fundamentally different from that of the 
penicillid Brechites vaginiterus, as elucidated by 
Harper and Morton (2004). Further, although 
representatives of both Brechites and Stirpulina 
have been considered closely related because of 
their common endobenthic lifestyles, the 
anterior watering pots of these two species are 
formed in wholly different manners. 

The above observations have been preceded and 
superceded by more in-depth studies of the 
anatomies of Dacosta, Dianadema , Stirpulina and 
Bryopa (Morton, 1984a, 2003a, 2005a, 2005b), and 
Brechites and its various tube-dwelling relatives, 
Kendrickiana , Foegia, Nipponoclava, Penicillus and 
Humphrevia (Morton, 1984b, 2002a, 2002b, 2002c, 


2005c), building on the cladistic analysis of the 
Anomalodesmata by Harper etal. (2000). 

The overall aim of this review was thus to 
determine if there is a case for a division of the 
currentlv-percei v e d mom) p h yletic Cl a v age 116 i d e a 
not just into more than one "lineage", as most 
recently suggested by Savazzi (1999, 2000, 2005; see 
above), or subfamilv/famify as actually proposed by 
earlier authors (Gray, 1858a; Starobogatov, 1992) 
but subsequently ignored by, for example, L.A. 
Smith (1962b), Keen and L.A. Smith (1969), 
Runnegar (1974), B.J. Smith (1971, 1976, 1998), 
Morton (1981, 1985a) and Lamp ref 1 and Healy 
(1998). After reviewing the researches undertaken 
on the fossil and living watering pot shell genera 
and the conclusions thereby obtained, a redefined 
classification of the watering pots will be proposed. 
This, in turn, has allowed a picture of watering pot 
evolution and subsequent adaptive radiation to be 
constructed and one of the most remarkable 
patterns of convergent evolution elucidated. 

CURRENT TAXONOMY OF THE 
CLAVAGELLOIDEA 

Gray (1847) attempted the first classification of 
the watering pot shells, but the most authoritative, 
and still current, classification of the Clavagelloidea 
d'Orbigny, 1843 was provided by L.A. Smith and 
Keen (1969) who divided it and its sole family - the 
Clavagellidae - into the genera Clavagella Lamarck, 
1818, Humphreyia Gray, 1858 and Penicillus 
Bruguiere, 1789. Clavagella was thought to 
comprise four subgenera, that is, Clavagella , Bryopa 
Gray, 1847, Dacosta Gray, 1858 and Stirpulina 
Stoliczka, 1870, as was Penicillus , that is, Penicillus , 
Foegia Gray, 1847, Pseudobrechites Magne, 1941 
and Warnea Gray, 1858 (considered by B.J. Smith 
(1976) to be a junior synonym of Brechites Guettard, 
1770) - the latter two being extinct. 

Prior to L.A. Smith and Keen (1969) and L.A. 
Smith (1962b), and subsequently B.J. Smith (1971, 
1976), the notion of the Clavagelloidea as 
comprising but a single family continued to be 
accepted and 1 too have earlier followed this 
proposal (Morton, 1981, 1985a). B. J Smith (1998, p. 
412) most recently upheld this view by stating: ' I he 
superfamily Clavagelloidea comprises the single 
family Clavagellidae'. The classification of the 
Clavagelloidea accepted by most modern authors, 
for example, Vaught (1989), however, stems from 
B.J. Smith (1976) who considered, like L.A. Smith 
and Keen (1969), that the Clavagellidae comprised 
but three genera, that is, Clavagella (with 
Clavagella, Bryopa , Dacosta and Stirpulina as 
subgenera), Humphreyia (with Humphreyia and 
Nipponoclava B.J. Smith, 1976 as subgenera) and 
Brechites (with Brechites , Penicillus and Foegia as 
subgenera) (Table 1). Vaught (1989), however. 
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Table 1 The present classification of the Clavagellidae 
(after B.J. Smith, 1976) 

Family Clavagellidae d'Orbigny, 1844 

(= Aspergillidae Gray, 1858) 

Genus Clavagella Lamarck, 1818 
Subgenus Clavagella 
Subgenus Bryopa Gray, 1847 
Subgenus Da costa Gray, 1858 
Subgenus Stirpulina Stolickzka, 1870 
Genus Humphreyia Gray, 1858 
Subgenus Humphreyia 
Subgenus Nipponodava Smith, 1976 
Genus BrechitesG uettard, 1770 
Subgenus Brechites 
Subgenus Penicillus Bruguiere, 1789 
Subgenus Foegia Gray, 1847 


replaced Brechites by Penicillus (the former being 
considered non-binomial), with Foegia and Warnea 
only as sub-genera. Why the endobenthic, 
adventitious tube-dwelling Stirpulina should be 
ranked as a subgenus of Clavagella , alongside the 
endolithic Dacosta and Bryopa was, however, 
unexplained. As was the erection of a new 
subgenus, Nipponodava, in place of Aspergillum 
gigantea (Sowerby, 1888) and the placement of this 
endobenthic, tube-dwelling species alongside the 
cemented Humphreyia. As more studies have been 
undertaken on what are very rare and bizarre 
watering pot shells, however, so taxonomic views 
have slowly changed and the time is appropriate to 
examine these animals, their origin(s), structure(s), 
relationship(s) and evolution more comprehen¬ 
sively. 

WATERING POT SHELL STRUCTURE AND 
ANATOMY 

The shell and crypt or adventitious tube 
The valves of all watering pot shells comprise two 
layers, that is, a thin external layer of fine prisms 
covering a thicker inner layer of sheet nacre (Taylor 
et at, 1973) that may also be thin (500 pm), for 
example in Brechites vaginiferus (Morton, 2002a). 
The generally equivalve shells of, again all, 
watering pot species is posteriorly elongate and 
anteriorly foreshortened, that is, slightly 
heteromyarian and thus inequilateral although 
usually equivalve. Typically too, the shells of all 
species are lyonsiid-like (Harper and Morton, 2004, 
figure 3A) and possess radiating rows of 
periostracal spinules (Aller, 1974; Carter and Aller, 
1975; Prezant, 1979a). Both shell valves of B. 
vaginiferus and its adventitious tube-dwelling allies 
and the cemented Humphreyia strangei are united 
marginally into the fabric of an adventitious tube. 
In Dacosta australis (Sowerby, 1829) (Morton, 
1984a) and its boring and cemented allies, that is, 
Bryopa aligamenta (Morton, 2005) and Dianadema 


multangularis (Morton, 2003a), respectively, and 
the adventitious tube-dwelling Stirpulina ramosa 
(Morton, 2006a) only the left valve is united 
marginally into the fabric of the crypt, the right 
remaining free within it. The adventitious tubes of 
both groups, however, comprises a highly 
organized microstructure of platy crystals (~ 10pm 
long and 0.5 pm thick) arranged in chevron patterns 
with their long axes parallel to the walls of the tube. 
The tube of B. vaginiferus is covered by a thin (~1 
pm) organic film that has attached to it larger clasts 
and extra-periostracal calcifications comprising 
bundles of hexagonal, aragonitic crystals 10 pm 
long and 5 pm wide and which are highly 
reminiscent of the "rice-grain-shaped crystals" 
reported from the sediment encrustations on the 
outside of two veneroid bivalves ( Granicorium and 
Samarangia) (Taylor et al. f 1999). It is generally 
considered, moreover, that the adventitious tube of 
species allied to the Brechites "lineage" is secreted 
but once (Gray, 1858b; B.J. Smith, 1978; Morton, 
1984b, 1985b). Harper and Morton (2004) describe 
the mechanism of tube formation by B. vaginiferus 
and Savazzi (1982a, 2005) and Morton (2005a, 
2006a) that of the fossil S. coronata and the extant S. 
ramosa. 

Although all contemporary taxonomists, for 
example L.A. Smith (1962b), Keen and L.A. Smith 
(1969) and B.J. Smith (1971, 1976, 1998), link 
Clavagella and its allies with Brechites and 
Humphreyia in the Clavagellidae, the crypt of the 
former is actually very different from the 
adventitious tubes of the latter two genera. Figure 1 
provides generalized pictures of (a) Dacosta 
australis and (b) Bryopa lata (Broderip, 1834) inside 
their crypts (note how the growth lines are from the 
anterior to the posterior in Clavagella, but in the 
opposite direction in Bryopa, as will be discussed). 
The internal ligament (PRL) of D. australis is shown 
in ventral and lateral views in Figure 1(c) and (d), 
respectively. It is located between chondrophores 
(C) and covered with "fused" periostracum (FP). 
The shell (SV) and saddle (SA) of the juvenile of 
Humphreyia strange i is illustrated from the right 
side in Figure 1(e) and internally in Figure 1(f) and 
showing the internal ligament (PRL) with a 
lithodesma (LI), fused periostracum (FP) and the 
absence of a pallial sinus (present in D. australis, 
Figure 2(b)) to the pallial line (PL). Anterior (AA) 
and posterior adductor (PA) muscle scars are of 
approximately equal size. A dorsal view of the 
adventitious tube of Brechites vaginiferus is shown 
in Figure 1(g), showing the minute shell valves (SV) 
and surrounding saddle (SA) and with the watering 
pot of the same species illustrated in Figure 1(h) 
from the anterior aspect. 

Watering pot shell anatomy 

Watering pot shells have always been of interest 
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Figure 1 Views of a, Dacosta australis and b, Brvopa lata in situ in their crypts (redrawn after Sava/zi, 1932a). Also 
illustrated in ventral (e) and (d) side views is the hinge plate of Dacosta australis (redrawn after Morton, 
1984a), the juvenile shell of Humphrevia strangei as seen from the right side ie) and internally (left valve) (f) 
(both redrawn after Morton, 1984b) and the adventitious tube of Brechites vaginiterus as seen (g) from the 
dorsal and (h), the anterior aspects (redrawn after B.J. Smith, 1998 and Morton, 1984b, respectively). (For 
abbreviations see Appendix). 
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because of their strange structure and figure 
prominently in early malacological texts (Bruguiere, 
1789; Chenu, 1843a, 1843b; Orbigny, 1843-1847; 
Reeve, 1860, 1873; Garner, 1860) and were similarly 
objects of great scientific interest in the 19 th century 
(Lamarck, 1818; Owen, 1835; Gray, 1852, 1858a, 
1858b; Lacaze-Duthiers, 1870, 1883; Broderip, 1834, 
1835). 

Owen (1835), Chenu (1843a), Soliman (1971) and 
Kilburn (1974) have described the anatomies of 
species of Clavagella (actually all either Dacosta or 
Bryopa). Appukuttan (1974), Savazzi (2000) and 
Palazzi and Villari (2000) have studied species of 
Bryopa . Morton (1984a, 2003a, 2005) described 
Dacosta australis , Dianadema multangularis and 
Bryopa aligamenta. Among the Clavagellidae, 
therefore, only Stirpulirta is undescribed 
anatomically, although shell and tube structure 
have recently been elucidated (Savazzi, 2005; 
Morton, 2005, 2006a, 2006b). 

Garner (1860, plate 5, figs 1-4) illustrated the 
structure of Aspergillum (= Penicillus) javanum 
(Chenu, 1843). Similiarly, Lacaze-Duthiers (1870, 
1883) and Purchon (1956, 1960) studied and 
described the anatomies of species of Penicillus , 
that is, P. (as Aspergillum ) javanum (= P. 
philippinensis (Chenu, 1843)), P. (as Aspergillum ) 
dichotomum (Chenu, 1843) (= P. penis ) and P. (as 
Brechites ) penisi, respectively. Morton (1984b, 2002a, 
2002b, 2004a, 2004b, 2004c, 2006c) described the 
anatomies of Brechites vaginiferus , Humphreyia 
strang ei, Foegia novaezelandiae Bruguiere, 1789, 
Nipponoclava gigantea Sowerby, 1888, 
Kendrickiana veitchi B.J. Smith, 1971 and Penicillus 
philippinensis. 

An important point of distinction between 
Brechites and its allies and the extinct Clavagella 
and its surviving allies, however, is that the former 
has a distinct juvenile, strongly dimyarian juvenile 
stage that "metamorphoses" into an essentially 
amyarian adult when the adventitious tube is 
secreted. Conversely, Clavagella and its allies have 
a strongly dimyarian post-juvenile shell that 
continues to grow, retaining its musculature 
(Savazzi, 2000), and does not "metamorphose". This 
will be discussed in greater detail later. 

The basic anatomy of all watering pot shells is 
typical of most representatives of the 
Anomalodesmata (Morton, 1981, 1985a). That is, 
extensive mantle fusion of the inner, middle and 
inner surfaces of the outer mantle folds, Type C 
(Yonge, 1982), so that the periostracum occurs as a 
thick, continuous sheet around the mantle it 
overlies. The ctenidia of all watering pot shells are 
relatively large and comprise complete inner and 
the ascending lamellae only of the outer 
demibranchs and are thus of Type E (Atkins, 1937). 
The ctenidia! labial palp junction is of Category III 
(Stasek, 1963) where the anterior ends of both 


demibranchs are inserted into the proximal oral 
groove between the inner and outer labial palps. 
The stomach (where studied) is of Type IV 
(Purchon, 1958a), that is, representative of the 
Gastrotetartika (Purchon, 1958b). The statocyst 
structure of all studied clavagelloids is of Type B3 
(Morton, 1985c). 

The above features, particularly of the organs of 
the mantle cavity clearly ally all watering pot shells 
with the Anomalodesmata. Notwithstanding, as 
will be described, there is a considerable range of 
loss of the adductor and pedal retractor muscles in 
the spectrum of the adventitious tube-dwelling 
watering pot shells in particular and, of course, a 
variety of adaptations to life within either a crypt or 
an adventitious tube. Similarly, some watering pot 
shells possess unique structures, such as pericardial 
proprioreceptors, first identified for Humphreyia 
strangei (Morton, 2002b) but also present (in 
simpler form) in others, for example, Dianadema 
multangularis (Morton, 2003a). Most significant 
characters separating watering pot shell genera, 
therefore, involve the shell. That is, shell form, 
ligament structure, muscle scars and the structure 
and formation of either the crypt or adventitious 
tube. This means, therefore, that the fossil record is 
extremely valuable in helping to determine patterns 
of evolution and adaptive radiation. 

THE FOSSIL RECORD 

L.A. Smith (1962a) considered that Clavagella and 
its allies first appeared in the Upper Cretaceous 
whereas Brechites and its allies first appeared in the 
Upper Oligocene. Savazzi (2005) suggests in 
relation to the Clavagellidae, that tube dwelling 
species of Clavagella, that is Stirpulina, are known 
since the Cretaceous, facultative borers (Clavagella 
sensu stricto) and tube dwellers since the Eocene 
(Cossmann and Pissarro, 1904-1913), with the 
facultatively coral-boring Bryopa arising in the 
Miocene (Savazzi, 2000). 

Savazzi (2000) considered that Brechites and its 
allies probably appeared in the Early Oligocene of 
the northern Tethys although L.A. Smith (1962b) 
suggested that the various representatives of the 
Penicillidae have all arisen since the Late Oligocene. 

A wholly accurate account of the fossil history of 
watering pot shells is not, however, possible 
because: (i) all species, like most anom- 
alodesmatans, but especially extant taxa, are "rare"; 
(ii) the tubes of some are aragonitic, fragile and 
would not fossilize well, and (iii) adventitious tubes 
may be confused with, for example, those of 
polychaetes and gastrochaenid and teredinid 
bivalves. It is only very recently, for example, that 
the adventitious tube of a species of Stirpulina has 
been identified from Australia, indeed the southern 
hemisphere (Morton, 2006b). Savazzi (1999, p. 231) 











Table 2 The geographic distribution of representatives of the Clavagellidae and Penicillidae (in bold) from the Late Cretaceous to the Recent. (In part after L.A.Smith, 1962). 



Age 

North 

America 

Europe 

Africa 

Red Sea 

India 

Indo-West 

Pacific 

Japan- 

Philippines 

Australia 

New 

Zealand 

Recent 



Bryopa 

Dianadema 

Bryopa 

Penicillus 

Warnea 

Bryopa 

Brechites 

Bryopa 

Dianadema 

Penicillus 

Foegia 

Stirpulina 

Bryopa 

Brechites 

Penicillus 

Foegia 

Nipponoclava 

Warnea 

Brvopa 

Dacosta 

Dianadema 

Brechites 

Humphreyia 

Penicillus 

Foegia 

Kendrickiana 

Warnea 


Pleistocene 

0.01 






Penicillus 

Stirpulina 

Nipponoclava 

Kendrickiana 


Pliocene 

1.0 


Cla vagella 
Stirpulina 


Warnea 

Penicillus 


Warnea 

Penicillus 

Foegia 

Nipponoclava 

Foegia 

Warnea 

Dianadema 

Kendrickiana 

Humphreyia 


Miocene 

6.5 





Cla vagella 

Penicillus 

Foegia 

Nipponoclava 

Foegia 


Clavagella 

Oligocene 

23.0 


Bryopa 

Cl a vagella 
Stirpulina 


Stirpulina 


Penicillus 

Foegia 


Cla vagella 

Penicillus 


Hocene 

36.5 

Cla vagella 
Stirpulina 

Cla vagella 
Stirpulina 






Stirpulina 

Dianadema 


Palaeocene 

Upper 

Cretaceous 

53.0 

65.0 

Cla vagella 

A sea u loca rdi u m 
Stirpulina 

Cla vagella 
Stirpulina 

Cla vagella 
Stirpulina 

Clavagella 


Clavagella 

Stirpulina 
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considered that 'the fossil record so far tells us little 
about the evolution of this family [the 
Clavagellidae]'. Despite the limitations of the fossil 
record, however, a review of the literature with 
regard to watering pot shells allows some general, 
but highly pertinent insights to be made about their 
evolutionary history, first reported upon by L.A. 
Smith (1962a). The information available on the 
fossil history of the Clavagellidae and Penicillidae 
is summarized in Table 2. 

The Clavagellidae 

The type species of Clavagella is C. echinata 
Lamarck, 1818, a fossil from the Paris Basin, France, 
and of which no type specimen has been found (B.J. 
Smith, 1971). Moreover, Lamarck (1818) did not 
illustrate this species, but it was by Brocchi (1814, 
plate XV, fig, 1) and Deshayes (1824, plate I, figs 7, 
8 and 9) and subsequently a large number of fossil 
Clavagella species have been described, as will be 
discussed below. 

Fossil Clavagella (see Keen and L.A. Smith, 1969, 
figure F32 -1) have a large shell surrounded by an 
adventitious crypt that incorporates the left valve 
into its structure. The crypt has a short siphonal 
tube projecting posteriorly and an anterior and 
ventral array of spiny tubules. Species of this genus 
appear to have been either nestlers or possibly 
endobenthic inhabitants of soft sediments. In his 
revision of the Recent species of the Clavagellidae, 
B.J. Smith (1976) assigned but two species, that is 
Clavagella (C.) torresi Smith, 1885 and C. (C.) 
multangularis (Tate, 1887) to this genus and 
subgenus. Flowever, Morton (2003a) re-assigned 
these two species to a new genus, Dianadema, 
because they both possess, unlike fossil Clavagella 
species, an apical crown of tubules reminiscent of 
Ascaulocardium (Pojeta and Sohl, 1987). There are, 
thus, no extant species of Clavagella. As noted 
earlier, however, B.J. Smith (1976) identified three 
other subgenera of Clavagella , that is, Dacosta , 
Bryopa and Stirpulina. Subsequent authors have 
largely followed this arrangement. However, I 
consider that these three sub-genera should be 
considered to have generic status (plus Dianadema ), 
because all their constituent species can and do (as 
will be illustrated) fit into distinct clades. 

Fossil Clavagella and Stirpulina are mostly 
restricted to Europe (S. pliocenica, Mayoral, 1990) 
and North America (Stallwood, 1995), but also India 
(see below), Australia (Clavagella majorina, B.J. 
Smith, 1971; S. pallinupensis , Morton, 2006b) and 
from the early Late Miocene of New Zealand 
(Clavagella oamarutica Maxwell, 1978; Beu and 
Maxwell, 1990). Modern species also occur, for 
example, in the Mediterranean [but as Bryopa , not 
Clavagella] (Soliman, 1971; Savazzi, 2000), India [as 
Bryopa} (Appukuttan, 1974) and South Africa [as 
Dianadema , not Clavagella] (Kilburn, 1974), 


Australia, for example, Dianadema multangularis 
(Tate, 1887) and Clavagella [as Dacosta] australis 
(Morton, 1984a), and Japan (Shikama, 1954) and 
southeast Asia [as Bryopa] (Savazzi, 2000; Morton, 
2005). 

L.A. Smith (1962b) and Stallwood (1995) provide 
lists of localities and ages for the fossil clavagellids 
discussed by them, and Stallwood (1995, p. 88) also 
provides a list of fossil species of Stirpulina. Species 
of the endobenthic, adventitious tube-dwelling 
Stirpulina have, in particular, been recorded from 
the Eocene of the Barton Beds, Sussex, U.K. (Dixon, 
1878), the Paris Basin (Deshayes, 1824), and Sicily 
and Venice, Italy (Brocchi, 1814; Michelotti, 1861; 
Sacco, 1901, Savazzi, 1982b). Savazzi (1982b) 
described three species of Clavagella ( Stirpulina ) 
from the Tertiary of northeastern Italy and all 
comprised a crypt to which the left valve was 
cemented internally, while the right was free within 
it. In C. vicentina and C. veronensis there were also 
anterior tubules that were thought to achieve 
connection with the interstitial waters of the 
sediment, as in C. coronata from the Cretaceous of 
Southern India (Habe, 1977) and (reportedly the 
same species) from the Eocene of the Paris Basin, 
France (Savazzi 1999). Savazzi (1982a, figure 1A) 
illustrated Stirpulina coronata in a life position. 
Mayoral (1990) describes Stirpulina pliocenica from 
the Upper Neogene of Cuenca del Bajo Guad, 
Spain, while Lucovke (1922) described Stirpulina 
goldfussi from the Eocene of the Balkan Peninsula, 
between the Aral Sea and Lake Chalkar. 

Nicol (1968) and Pojeta and Sohl (1988) describe 
species of Clavagella from Eocene rocks of Florida 
while Pojeta and Sohl (1987) describe species from 
Upper Santonian Cretaceous rocks of Mississippi 
and detail the Cretaceous distribution of the genus. 
They give a reported age range of Cenomanian to 
Holocene, with Cenomanian and Turonian 
occurrences restricted to Europe. Stallwood (1995) 
first described and reported upon Stirpulina saulae , 
the first fossil clavagellid recorded from the Pacific 
Province of North America and, specifically, from 
the Cretaceous, Late Turonian, Ladd Formation of 
the Santa Ana Mountains, California. With its left 
valve cemented to an adventitious crypt and the 
right free within it, this genus and species is dearly 
allied with Clavagella. Later, Pojeta and Johnson 
(1995) described a second clavagellid, 
Parastirpulina sohli , also from the Upper 
Cretaceous (Turonian) of North America. Today, 
Stirpulina only occurs alive in Japan, as 
Stirpuliniola ramosa (Habe, 1951, 1977). This 
generic name was erected by Kuroda and Habe 
(1971) to separate it from fossil taxa, although 
Vokes (1980) considered it to be a junior synonym 
of Stirpulina. 

Pojeta and Sohl (1987) described Ascaulocardium 
armatum from upper Santonian to Maastrichtian 
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rocks (Late Cretaceous) of the Gulf and Atlantic 
coastal plains of the U.S.A. With its left valve 
cemented to the adventitious crypt and the right 
free inside ip A. armatum is clearly allied with 
Clavagella, albeit of bizarre form, and especially 
Dianadema multangularis (Morton, 2002c). 

In addition to Clavagella coronata, the small (~ 12 
mm) C. semisulcata is recorded from the 
Valaudavur beds of Pondicherry, southern India 
(Forbes, 1846) that are Maastrichtian (Kossmatt, 
1897; Sundaram, Henderson, Ayyasami and 
Stilwefl, 2001). The species was illustrated as 
' Gastrochaena' semisulcata (Forbes, 1846, plate 17, 
la and b) and re-illustrated by Stoliczka (1870-1871, 
P* 31). 

According to Savazzi (2000, p. 323), ' Clavagella 
and its allies probably appeared in the Upper 
Cretaceous of the Tethys' with early representatives 
described from the United States, including the 
Turonian of California (Stallwood, 1995), Europe, 
Africa and India. In the Palaeocene, the lineage 
became restricted to Europe. In the Eocene, it 
radiated westwards to Florida (Pojeta and Sohl, 
1988; Jones and Nicol, 1989) and in the Oligocene 
eastwards into the Indo-Pacific, reaching Japan and 
the Philippines in the Miocene and Australasia in 
the Quaternary. According to Savazzi (2000), the 
obligate borer Bryopa appeared in the Late 
Oligocene of southern Europe (L.A. Smith, 1962a) 
and radiated subsequently to the tropical Indo- 
Pacific. It either survived the basal Neogene and 
Pleistocene Messinian Salinity Crises in the 
Mediterranean, or subsequently re-entered the 
Mediterranean on both occasions, its occurrence in 
this area being documented from the Miocene and 
Recent. In the Indo-Pacific, it is recorded from the 
Recent of several localities, principally the Red Sea 
(Soliman, 1971), southern India (Appukuttan, 1974), 
the Philippines (Savazzi, 2000) and Japan (Morton, 
2005). Majima (1991) identifies four endemic 
Japanese watering pot shells that occur in Miocene 
to Holocene sediments. These are; the Holocene 
(and still extant) Nipponoclava gigantea (Sowerbv, 
1888), the Plio-Pleistocene Nipponoclava 
yokoyamai (Shikama, 1954), the Middle Miocene 
Nipponoclava kanazawaensis (Omura, 1969) and 
the late Pleistocene (but still extant) Stirpulina 
ramosa (Hunker, 1882). Originally identified as 
Bryopa lata by N aka mine and I la be (1980, plate 4), 
the Japanese species of this genus was described as 
new, that is, B. aligamenta (lacking a ligament) by 
Morton (2005). Other extant watering pot shells 
recorded from Japan include Foegia novaezelandiae 
(Nakamine and 1 la be, 1980, plate 5) and Clavagella 
japonica (l la be, 1981) but which (p. 190) is J an ally 
to Clavagella torresl and thus a species of 
Dianadema (Morton, 2003a). 

The Clavagellidae is thus early Tethyan (B.J. 
Smith, 1976) and dates from the Upper Cretaceous. 


New Zealand (Clavagella oamarutica ; Maxwell, 
1978; Beu and Maxwell, 1990) and southern 
Australian clavagellids (Clavagella majoring, B.J. 
Smith, 1971; Dianadema lira turn, Tate, 1887b; 
Darragh, 1970) date from the Upper Oligocene, 
early Late Miocene and Pliocene-Pleistocene, 
respectively. Dianadema is recorded as a fossil from 
the Upper Eocene Blanche Point Marl, South 
Australia (Lampre 11 and Healy, 1998). B.J. Smith 
(1971) also records it from the Miocene Muddy 
Creek Formation, Torquay, also South Australia. 
Similarly, Cotton (1952) records D. [as 
Humphreyia ] liratum and the penicillid 
I lumphrevia stranger from the Lower Pliocene of 
the Adelaide Plains area of South Australia. Morton 
(2006c) recorded the first species of Stirpulina , S. 
pallinupensis , from southwestern Australia and the 
southern hemisphere. Stirpulina evolved in the 
Tethys and among the Late Eocene fossil 
assemblages from the Pallinup Formation at 
Walpole, southwestern Western Australia, most of 
the bivalve genera have a cosmopolitan distribution 
with either related or similar species occurring in 
New Zealand, Asia, Europe and America (Darragh 
and Kendrick, 1980, 2000). The Pallinup Formation 
of the Bremer Basin (Gammon, James, Clarke and 
Bone, 2000), whence S. pallinupensis was collected, 
was deposited on the shallow, inner continental 
shelf (Darragh and Kendrick, 1980). During the Late 
Eocene, Australia lay well to the south of its present 
position so that its southern coast was located in 
temperate waters, as it is today. At that time, it 
appears global climate was somewhat warmer and 
less latitudinallv stratified than at present (Kemp, 
1978). There was therefore neither polar glaciation 
nor a circum-Antarctic oceanic circulation, whereas 
an open seaway extended from the coast of 
northern Australia northwestwards into the Tethys 
and beyond, as far as what is now Western Europe, 
for example, the Paris and London Basins. At this 
time, some molluscan elements of the Tethyan - 
Southwest Pacific fauna and other, more 
cosmopolitan, groups extended their ranges to 
southern Australian waters joining southern - 
endemic species to form a distinctive blended fauna 
(Darragh and Kendrick, 1980, 2000) such as is found 
today in the Pallinup Formation. With the 
Oligocene, there was a general decline in sea 
temperatures (Shackleton and Kennett, 1975) and 
opening of the Drake Passage initiated the circum- 
.\ntqrciic circulation in the Southern Ocean. As a 
consequence, the warmer water molluscan 
assemblages of the Late Eocene in southern 
Australia, of which Stirpulina pallinupensis was a 
component, were succeeded by a cooler water 
Oligocene community (Darragh, 1985). 

The Penicillidae 

L.A. Smith (1962b) suggested that Brechites and 






28 


B. Morton 


its allies have all arisen since the Late Oligocene 
and have an essentially Indo-West Pacific 
distribution, including Japan (Habe, 1977), 
Southeast Asia (Dharma, 1992; Swennen, 
Moolenbeek, Ruttanadukal, Hobbelink, Decker and 
Hajisamae, 2001) and Australia (B.J. Smith, 1971; 
Morton, 2002a). Brechites and other genera are 
absent from North America and Europe, that is, the 
Atlantic and Mediterranean, although Magne (1941) 
describes Brechites (Pseudobrechites) leognanum 
from the Upper Oligocene of Aquitaine, France. 
Keen and L.A. Smith (1969), however, described 
this species as not possessing a pedal gape or slit in 
the anterior watering pot but both valves are 
illustrated (figure F32 [5]) as being incorporated 
into the structure of the adventitious tube. There is 
thus a poor fossil record for the Penicillidae save 
for the cemented, epibenthic Humphreyia. In 
reviewing the literature on Humphreyia , Morton 
(2002b), showed that the single extant species, H. 
strangei, has a Pliocene fossil record from southern 
Australia. There are fossil penicillids in the 


collections of the Western Australian Museum from 
the Pliocene Roe Calcarenite of southern Western 
Australia, for example Brechites vaginiferus, 
Kendrickiana veitchi and Peniciilus philippinensis, 
but these remain hitherto unreported upon and are 
all extant species in Australian seas (Morton, 1984b, 
2003a, 2004c, 2006b). 

The genus Nipponoclava occurs as a fossil in the 
Miocene and Plio-Pleistocene of Japan, for example, 
N. yokoyamai (Shikama, 1954; Majima, 1991). The 
genus also occurs there as a single extant species, N. 
gigantea (B.J. Smith, 1976). 

According to Savazzi (2000), Brechites and its 
allies probably appeared in the Early Oligocene of 
the northern Tethys (L.A. Smith, 1962b) and 
subsequently radiated into the Indo-West Pacific 
region, including Australia (L.A. Smith, 1962a), in 
which they have remained exclusively since the 
Neogene. Brechites dichotomus is the only living 
penicillid to be recorded from southern India 
(Hornell, 1921; Gravely, 1941; Satyamurti, 1956), but 
remains unstudied scientifically. 


Table 3 A summary of the shell, adventitious tube and (known) anatomical characters of representatives of the 
Clavagellidae and Penicillidae (Anomalodesmata: Clavagelloidea). (For explanation and references see text). 


Character 

Clavagellidae 

Penicillidae 

Shell 

Typical adult plus saddle 

Juvenile plus saddle 

Shell valves 

Left valve cemented to 

Both valves united into the 


crypt/adventitious tube: 

fabric of the tube 

Ligament 

right valve free inside 

Internal 

External 

Lithodesma 

Absent 

Present in Humphreyia juvenile 

Shell microstructure 

Prismatic outer layer: 

Prismatic outer layer: 


sheet nacre inner layer 

sheet nacre inner layer 

Shell spinules 

Present 

Present 

Periostracum 

Two layered 

Two layered 

Adventitious tube/crypt 

Present 

Present 

Adventitious tube 

Free/cemented 

Free/cemented 

Anterior tubules 

Present/absent 

Present 

Watering pot 

Absent/present 

Present 

Characters typical of 
the Anomalodesmata 

Pallial fusions 

Type C 

Type C 

Fourth pallial aperture 

Absent 

Present 

Pedal gape 

Present 

Present 

Radial mantle glands 

Present/absent 

Present/absent 

Ctenidial ciliation 

Type E 

Type E 

Ctenidial/labial palp junction 

Category 3 

Category 3 

Unique watering pot 
characters 

Adductor muscles 

Present 

Typically absent 

Pedal retractor muscles 

Vestigial/absent 

Vestigial/absent 

Pedal disc 

Absent 

Present 

Rectum 

Penetrates kidneys 

Passes over kidneys 

Statocysts 

Type B^absent 

Type B/absent 

Pericardial proprioreceptors 

Present when posterior 

Present when posterior 


pedal retractors present 

pedal retractors present 

Suspensory muscles 

Absent 

Present in some 
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THE WATERING POT GENERA 
Clavagella and its allies 

A summary of the crypt and/or adventitious tube 
structure of the various extant representatives of the 
Clavagellidae is provided in Table 3. A more 
detailed and comprehensive comparison of the 
various genera of the Clavagellidae is given in 
Morton (2006a, table 1). All representatives of the 
Clavagellidae cement their left valve to the crypt 
(Clavagella ), burrow wall ( Dacosta and Bryopa) or 
tube ( Stirpulina ) (Savazzi, 1982a, 1982b, 1999, 2000, 
2005) and the right valve, though free, is attached in 
the usual bivalve way to the other one by a ligament 
and anterior and posterior adductor muscles. Below 
is provided anatomical summaries of the various 
davagellid clades and genera. 

(i) Nestling: Dacosta 

Dacosta australis lives in a burrow that is thought 
to have been occupied opportunistically by the 
juvenile and possibly then enlarged (Morton, 
1984a). Figure 2(a) illustrates D. australis in its 
burrow with the free right valve (RV) and the 
heading perforated by tubules (Tli). Ventrally, the 
mantle (VM) and the siphons (ES, IS) are covered in 
thick periostracum, although there is a pedal gape 
anteriorly (PG). Figure 2(b) shows the left valve 
(LV) attached to the burrow wall that is lined with 
calcified carbonate, except ventrally (UBW). 
Internally, there are distinct adductor and pallia) 
retractor muscle scars and a deep pallial sinus. The 
ligament of D. australis is internal and located 
between vertically descending chondrophores, 
although the dorsal valve margins are united by a 


thickened pad of "fused" periostracum. The term 
"fused periostracum" was coined by Yonge (1978a) 
but is misleading because the periostracum covers 
the dorsal shell surface anyway: it is, thus, merely 
thickened to create, in Brechites and Humphrey ia 
(and other bivalves including many other 
anomalodesmatans), a pad of "secondary" 
ligament. This has no elastic properties, however, 
and probably more importantly serves functionally, 
in the absence of hinge teeth, to effect valve 
alignment (Yonge and Morton, 1980). There is also 
a deep pallial sinus and the adductor muscles are 
large although pedal retractors are either absent or 
greatly reduced, as is the foot. In other respects, D. 
australis is a typical anomalodesmatan with the 
usual arrangement of ctenidia and labial palps in 
the mantle cavity and a complete intestine (Morton, 
1984a); that is, it is a typical suspension-feeding 
bivalve. As will be seen and unlike penicillid 
watering pot shells, the anterior mantle is not 
formed into a pedal disc, although there is a pedal 
gape and tubules do invade the anterior end of the 
burrow. The long siphons are encased in 
periostracum and tipped apieally by sand grains 
and other detritus held in place by secretions from 
arenophilic radial mantle glands described by 
Prezant (1979b) and Morton (1987). The siphons are 
formed by pallial fusions of Type C (Yonge, 1982) 
and apieally the siphonal papillae of C. australis 
possess ciliated siphonal sense organs. As noted for 
"Clavagella" [no animal illustrated] melitensis by 
Pelseneer (1911), there is no fourth pallial aperture 
in D. australis (Morton, 1984a). In this respect, 
clavagellids are like species of Lyonsia, Laternula 
and Pandora (Pelseneer, 1911). 


ES 



Figure 2 Dacosta australis, a. The animal inside its burrow as seen from the right side, b, 'the left shell valve attached 
to the burrow wall (redrawn after Morton, 1984a). (For abbreviations see Appendix). 
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Figure 3 Bryopa lata, a, The juvenile shell as seen from the right side. b, An interior view of the hinge plate of the 
right valve (redrawn after Morton, 2005). (For abbreviations see Appendix). 


(ii) Borers of living corals: Bryopa 
Savazzi (2000) has described recently how 
Clavagella ( Bryopa) lata (Broderip, 1834) occupies a 
burrow in dead corals that it enlarges by boring 
with dramatic consequences for shell form and 
structure. Bryopa aligamenta is also endoiithic, but 
in living corals, in Japan, with the left valve 
cemented to the crypt wall (Morton, 2005). Figure 
3(a) illustrates the right valve of the B. lata juvenile 
(redrawn after Palazzi and Villari, 2000) showing it 
to be anteriorly foreshortened and posteriorly 
elongate, creating a heteromyarian form, and radially 
spinulose as in Dacosta australis (Figure 1(e)). The 
hinge plate of the right valve of B. lata is illustrated 
in Figure 3(b). There is a distinct prodissoconch (PR) 
approximately 130 pm in length, and umbo (U), an 
internal ligament (PRL) and there appears to be a 
small, ear-shaped hinge tooth (HT?) on the narrow 
hinge plate (HP). In this juvenile phase (see later), 
both valves are unattached and are posteriorly 
roundly elongate (like a lyonsiid shell) and the 
radiating cords of shell spinules are more obvious. 
Upon occupation of a crevice and later a burrow 


and cementation of the left valve to it, the right 
valve of the adult exhibits an unusual growth 
pattern, with commarginal lines seemingly arising 
from the posterior valve margin and extending 
towards the anterior (Figure 4(a)). In addition the 
outer shell layer is eroded dorsally to reveal the 
internal nacreous layer (NL) and calcareous 
material is laid down internally (IGI), especially 
anteriorly (AGI) as growth increments. Internally 
(Figure 4(b)), the right valve has a hinge plate (HP) 
and an eroded umbo (EU) with large adductor 
muscles (AA, PA) and a very thick pallial line (PL) 
and deep pallial sinus (PS). The same musculature 
is also seen in the internal surface of the left valve 
(Figure 4(c)) that is cemented to the crypt wall (CR) 
and the siphons are protectively encased with a 
siphonal channel (SC) laid down beyond the 
periostracum (PE) as a calcareous concretion. The 
unusual, remarkable, pattern of growth seen in the 
right valve will be described but essentially results 
from: (i), progressive anterior erosion of the 
umbones probably as a consequence of the boring 
process; (ii), the apparent migration posteriorly, as 
















Evolution of the Clavagelloidea. 


31 



Figure 4 Brvopa aligamenta. a, The free right shell valve; b, an internal view of the attached left valve and c, an 
internal view of the free right valve (redrawn after Morton, 2005). (For abbreviations see Appendix). 


the umbones are eroded, of the dorso-ventral 
growth axis of the shell and (hi), enhanced posterior 
i n te r-comtn a rgin a 1 grow th. 

Appukuttan (1974, p. 20) and Savazzi (2000, p. 
316) assert that Brvopa lata has 'a prominent 
ligament' and that The ligament of B. lata is strongly 


prosodetie with reference to the umbones', 
respectively. This would not only be highly unusual 
for a bivalve, but is probably also not so. The 
juvenile of B. lata has an internal, opisthodetic 
ligament (Morton, 2005). A ligament was, however, 
either never present in B. aligamcnta or has, more 
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likely, been lost during the process of growth and 
chemical boring. It is possible, however, that if a 
juvenile ligament were present (as in B. lata , 
Savazzi, 2000), it too would be lost as a consequence 
of antero-dorsal erosion during boring. To retain 
valve alignment in the absence of a primary 
ligament and possibly upon reaching an adult size, 
the mantle lays down alternating layers of calcium 


carbonate and proteinaceous periostracum onto the 
interior surface of the shell to thicken it, most 
noticeably marginally and, especially, posteriorly. 
Thus, the space between the valves occupied by the 
body of the animal actually decreases with age and 
the valves probably thereby become progressively 
even less capable of parting. Because the two valves 
are united dorsally only by thin layers of 



Figure 5 Diaimdema multangularis, The adventitious tube as seen from a, the left; b, the right and c, dorsal 
perspectives. (For abbreviations see Appendix). 
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periostracum too, there is little to ereate a valve 
opening force. B. aligamenta is further characterized 
by large adductor, pallial and si phonal retractor 
muscles, so that the entire animal is encased tightly 
within an internally strengthened shell within a 
crypt. Movement must therefore be minimal, blood 
being pumped into pallia! haemocoels to push open 
the valves and extend the siphons. This suggests 
that B. aligamenta , and possibly B. lata , represents 
an extreme example of adaptation to an endolithic 
life style: that is, it internally strengthens its shell 
and the outer surface of the right valve and is 
probably capable of only limited movement even 
though it has relatively huge muscles to shut the 
shell, retract the siphons and seal the mantle cavity 
centrally. 

(iii) Cementation: Dianadema 
Cotton (1961) and B.J. Smith (1971, 1976) reported 
upon an unusual species of Clavagella , that is, C 
multangularis, from southern Australia first 
described by Tate (1887a, 1887b). Carter (1978) 
provides illustrations of the crypt and true shell of 
this species, noting the presence of periostracal 
spinules in the latter. Morton (2003a) further 
described this species but re-assigned it to a new 
genus, Dianadema. The left valve (I V) of D. 
multangularis (Figure 5(a)) is attached to the 
adventitious crypt that is, in turn, in this individual, 
cemented to wood fibres (WF) although attachment 
can be to other materials including shell fragments. 
The siphons are contained within an adventitious 
tube (T) and there are anterior (AT) and dorsal 
tubules (CT). The position of the internal right valve 


(RV) is seen when the specimen is viewed from the 
right side (Figure 5(b)). 'The adventitious tube (T) 
that houses the siphons has breaks and repair 
marks. When seen from the dorsal perspective 
(Figure 5(c)), the dorsal tubules of the crypt are in 
the form of a crown (CT) arising from its right side 
and which arch over to fuse with the left valve (TV), 
although others recurve over the right (RV 7 )- Such a 
structure is reminiscent of A scan locardium 
armatum (Pojeta and Sold, 1987). Little else is 
known about the biology of D. multangularis except 
that it attaches 'bv [its] disc to rocks and shells [at] 
2[00]-250 m depth or [is] unattached and partly 
embedded in substratum' (LampreII and Flealev, 
1998, p. 220). 'A common habitat is on valves of 
dead bivalves and a number have been taken from 
between the large spines of Spondykts tenellus' 
Reeve, 1856 (B.J. Smith, 1976, p. 189). Hitherto only 
recorded from Australasia, Habc (1981) notes that 
his Clavagella japonic a is like Dianadema tor res i 
Smith, 1885 and specimens of C minima (B.J. Smith, 
1976, figs 6 and 7) from Mauritius (Indian Ocean) in 
the Natural History Museum, London, similarly 
have the dorsal crown of tubules characteristic of 
Dianadema (persona 1. observations). 

(iv) Free living: A scan locardium 
Pojeta and Sold (1987) assigned Clavagella 
armatum , a Late Cretaceous clavagellid fossil from 
Mississippi, to the new genus Ascaulocardium that 
is illustrated from the left side in Figure 6. In this 
taxon, there is a posterior adventitious tube (T), four 
long anterior tubules (AT), right anterior tubules 
(RAT) and the crypt is united, also on the right side, 



Ascaulocardium armatum. The adventitious tube as seen from the right side (redrawn after Pojeta and Sold, 
1987). (For abbreviations see Appendix). 


Figure 6 
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at a triple junction (TJ). As in Dianadema, there is a 
crown of tubules (CT) that encircle the crypt. 
Ascaulocardium armatum, like species of 
Clavagella, has the left valve fused to an 
adventitious crypt with the right free within it. On 
the right side, the crypt elements are fused at what 
was called a triple junction and there are right 
lateral tubules on the anterior plate and anterior 
tubules arising from the antero-ventral one (two on 
the right and left sides). Posteriorly, the siphons are 
enclosed within a tube. The crown of tubules in A. 
armatum is reminiscent of the situation in 
Dianadema multangularis, arising dorsally from the 
postero-dorsal plate and in the former but not the 
latter encircling and fusing with the crypt. Pojeta 
and Sohl (1987) believed A. armatum to be an 
endobenthic, free-living species. 

(v) Life in an adventitious tube: Stirpulina 

The only known living species of Stirpulina, that 
is, S. [as Stirpuliniola ] ramosa occurs in Japan (Habe, 
1951). Savazzi (1982a, text-fig.l) illustrated the fossil 
clavagellid S. coronata in life position as infaunally 
buried just like the penicillid Brechites (Morton, 
2002a) and its allies. Savazzi (2005, figure 5) 
illustrates the tubes of the extinct S. bacillus (Brocchi, 
1814) and S. coronata (Deshayes, 1824) and the extant 
S. ramosa. Morton (2005, 2006a, c) has described the 
tubes of S. coronata , S. pallinupensis and S. ramosa. 

A specimen of Stirpulina ramosa is illustrated in 
dorsal view in Figure 7. There is a long adventitious 
tube with break repairs (RE) and an array of 
branching tubules (TU) making up the anterior 
watering pot. Only the left valve (LV) is 
incorporated into the structure of the tube and on 
the right side there is a distinct pleat (PLE). The 
most important feature of Stirpulina , however, is 
that just like Clavagella, Dacosta, Bryopa, 
Ascaulocardium and Dianadema, the left valve is 
united with the crypt which is here formed into an 
adventitious tube, whereas the right is free inside it 
(Savazzi 1999, text-fig.17. 13D). Nothing else is 
known of the anatomy of Stirpulina although 
Morton (2006a) has explained how the adventitious 
tube and watering pot of S. ramosa are formed. 
Both are secreted from the mantle margin and 
surface surrounding and extending from the left 
shell valve so that only it is incorporated into its 
structure. A dorsally derived mantle element is 
progressively extended over to the right side of the 
body meeting a ventrally derived counterpart that 
passes beneath it forming a pleat in the calcareous 
structure of the right side of the tube that they 
secrete. This pleat extends into the complex of 
watering pot tubules and forms the pedal gape. The 
watering pot is thus O shaped. The ventrally 
derived mantle element forms a sinusoidal crest on 
the right hand base of the watering creating a pedal 
gape sinus scar on the right valve. 


RE 



Figure 7 Stirpulina ramosa. The adventitious tube as 
seen from the dorsal aspect. (For 
abbreviations see Appendix). 

Brechites and its allies 

(i) Life in an adventitious tube: Brechites 
A summary of the structure of the shell and 
adventitious tubes of the genera of the Penicillidae 
is provided in Table 3. Morton (2006c, table 1) 
provides a more detailed and comprehensive 
comparison of the various representatives of the 
Penicillidae. Chenu (1843b), Lacaze-Duthiers (1870, 
1883), Jousseaume (1888), Lamy (1923) and B.J. 
Smith (1971, 1976) have described the anatomies of 
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Figure 8 Brechitcs vaginiferus. a, The adventitious tube as seen from the right side and b, the organs of the mantle 
cavity also from the right side (redrawn after Morton, 1984b). (For abbreviations Sit# Appendix). 


a number of species of Brechites and their allies. 
The most recent accounts of living individuals of 
Brechites penis and B. vaginiferus are bv Purchon 
(1956, 1960) and Morton (1984b’ 2002a), 

respectively. No juvenile of any species of Brechites 


and its allies, other than Humphreyia strangei (E. 
A. Smith, 1909; Morton, 1984b, 2002b), is known. 
Because of the adult similarity between Brechites 
and its adventitious tube dwelling allies and the 
cemented Hump>hrevia, however, it is postulated 
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that the former suite of species does have a juvenile 
stage similar to the latter. 

Morton (1984b, 2002a) has described the adult 
adventitious tube of Brechites vaginiferus. The tube 
(Figure 1(g) and 8(a)) comprises a juvenile shell 
(SV) surrounded by a saddle (SA) the margin of 
which is encompassed by the adventitious tube and 
further united internally by layers of calcium 
carbonate secreted by the dorsal surface of the 
mantle. Anteriorly, as noted earlier (Figure 1(h)), the 
tube is formed into a watering pot with many, open 
tubules and an open pedal slit. The siphons (Figure 
8(b), ES, IS) are housed within the posteriorly 
elongate tube that can be added to progressively, as 
so-called "plaited" (probably a spelling mistake for 
"pleated") ruffles, as the animal grows, which is 
only possible in the posterior direction. The greatly 
elongate ctenidia (CTE) extend up to the apices of 
the siphons separating supra- from infra-branchial 
chambers. The labial palps (OLP) are large. There is 
a small visceral mass and the pericardium, with a 
heart (H), is located beneath a swollen region of the 
tube, posterior to the shell valves. Muscle fibres 
extend posteriorly as siphonal retractors and 
ventrally and anteriorly as pallial (PRM) and pedal 
disc retractor muscles (PDRM), respectively. There 
is a pedal gape (PG) in the pedal disc (PEP), a small 
foot and a fourth pallial aperture (FPA). On the 


pedal disc, there are lateral (LP) and disc papillae 
(DP) corresponding with the arrangement of 
tubules on the watering pot (Figure 1(h)). 

It is believed that the main component of the tube 
is produced only once (Gray, 1858b; Lacaze- 
Duthiers, 1883; Jousseaume, 1888; Lamy, 1923; B.J. 
Smith, 1978; Morton, 1984b, 2002a). In the tips of 
the siphons are arenophilic radial mantle glands 
which occur in some other watering pot species and 
in some other anomalodesmatans and which in 
them all serve to stick detritus to the apices of the 
siphons and thus camouflage them (Morton, 2000a, 
2002b, 2002c). Brechites vaginiferus occupies a 
range of intertidal and subtidal habitats and in sand 
the tube is long and thin whereas in rocky crevices 
and cobble habitats it is cemented to the 
encompassing substratum and is short and squat 
(Morton, 2002a), resulting in the erection of a 
distinct sub-species, Brechites vaginiferus australis 
(Chenu, 1843), for the latter growth form (Lamprell 
and Healey, 1998). 

Scanning electron micrographs of the true shell of 
Brechites vaginiferus (Figure 9(a), arrow) show the 
presence of a prodissoconch (-150 pm in length) 
confirming that, as in every other bivalve, there is a 
typical larval stage, as first proposed by Jousseaume 
(1888) and suspected by B. J Smith (1978), even 
though it is still unknown if development is direct 



Figure 9 Brechites vaginiferus. Scanning electron micrographs of a, the prodissoconch (arrow); b, the surface of the 
juvenile shell; c, the saddle with (arrowed) the junction between it and the juvenile shell and d, the tube 
fractured and comprising plate crystals. 
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or indirect. The juvenile shell is quadrate and its 
surface is finely spi nutate (Figure 9(h)), as is that of 
Humphreysia (- Humphreyi$)_ strangei (Taylor et 
al„ 1973) and Dianadema multangularis (Morton, 
2003a). The junction between the true shell and 
saddle is illustrated in Figure 9(c) (arrow). The 
saddle material is of a homogeneous structure that 
is laid down internal to the nacreous layer of the 
shell. It comprises a series of marginal growth rings 
produced at an unknown frequency to create the 
unusual structure between shell and tube. The tube 
comprises a single-layered structure (Figure 9(d)) 
comprising stacks (Taylor, Kennedy and Hall, 1973) 
of flat pi a tv crystals except at the posterior, si phonal 
end where it comprises a number of layers laid 
down as either growth or repair increments and 
between which are held clasts of sand grains and 
organic material (Harper and Morton 2004). 

Internally, the body of Brechites vaginiferus 
occupies the swollen anterior end of the 
adventitious tube under the shell and saddle that 
are all fused by calcareous cement secreted by the 
dorsal mantle. Greatly elongate siphons occupy the 
remainder of the tube. The adult B, vaginiferus is 
amyarian although there are a remnant pair of 
anterior, but no posterior, pedal retractor muscles 
(Morton, 1984b, 2002a). In most other anatomical 
respects, B. vaginiferus is a typical representative of 
the Anomalodesmata. The ctenidia and labial palps 
function in the usual bivalve manner for collecting 
siphonally inhaled food. Brechites vaginiferus can, 
however, also collect potential food (bacteria, 
dissolved organics and mineral salts) from the 
interstitial water of the sediments in which its 
watering pot is embedded (Morton, 2002a). There is 
also an intestine of the usual anomalodesmatan 
bivalve form to process ingested material, but there 
are no pericardial proprioreceptors described for 
Humphreyia strangei (Morton, 2002b), because 
there are no posterior pedal retractor muscles. 

(ii) Foegia 

Foegia novaezelandiae is known only from the 
Holocene of Western Australia and Japan (Morton, 
2004a) and is thus possibly very modern (Figure 
10(a)). Like Brechites vaginiferus , F. novaezelandiae 
has been shown to use its muscular pedal disc to 
pump interstitial water into its mantle cavity via the 
pedal gape, and hence the pedal slit and tubules of 
the anterior watering pot component of the 
adventitious tube (Morton, 2004a). 

Foegia novaezelandiae is similar to Brechites 
vaginiferus in being amyarian except for minute 
anterior pedal retractor muscles in the latter. As 
with B. vaginiferus also, pallia! retractor muscles 
effect si phonal and pedal disc retraction. The 
adventitious tube of F. novaezelandiae is more 
complex in that the shell valves are recessed and 
largely hidden externally by additional bulbous 


concretion's of tube material secreted from anterior 
and posterior pallial crests. Although the interstitial 
water /. novaezelandiae pumps into the mantle 
cavity probably contains interstitial bacteria and 
dissolved organic material which serve as 
nutritional supplements,, this species, unlike B. 
vaginiferus , has an agglomeration of organic 
material and bacteria adhering to its highly 
convoluted periostea cum anteriorly, particularly 
that of the pedal disc and thus inside the 
adventitious tube. Morton (2004a) speculated that 
such bacteria might help detoxify the hydrogen 
sulphide contained in the interstitial water of the 
hypoxic sediments that, unlike other penicillids, F. 
novaezelandiae inhabits. However, F. 
novaezelandiae has a full complement of mantle 
cavitv and intestinal organs for the processing of 
food filtered from the seawater above. 

(iii) Penicillus 

Lacaze-Duthiers (1870, 1883) and Purchon (1956, 
1960) studied the anatomy of species of Penicillus 
(Figure 10(b)), that is, P. (as Aspergillum ) javanum 
H P- philippinensis ), P. (as Aspergillum) 
dichotomum (= P. penis) and P. (as Brechites ) penis , 
respectively. The Indo-West Pacific watering pot 
shell Penicillus philippinensis (Penicillidae) is 
essentially amyarian, that is, the posterior adductor 
and pedal retractor muscles are lost, their anterior 
equivalents vestigial (Morton, 2006c). In addition to 
a small group of pallial retractor muscles arising 
from the pallial line, as is typical of other 
penicillids, P. philippinensis is connected to its 
adventitious tube dorso-laterally by a saddle- 
shaped array of papillae that previses the more 
elaborate system in the southern Australian 
Kendrickiana veitchi. This species and P. 
philippinensis are different from other penicillids 
too in that the siphons are capable of only limited 
retraction into the adventitious tube. Their 
extension in both species is largely by hydraulic 
means, the complex pallial musculature acting 
antagonistically with extensive blood-filled 
haemoeoels. Penicillus philippinensis can also be 
separated from other penicillids in a number of 
anatomical respects. For example, some species 
such as K. veitchi and Nipponoclava gigantea (but 
not Foegia novaezelandiae ) have vestigial posterior 
pedal retractor muscles and associated pericardial 
proprioreceptors but P. philippinensis does not. 
Like other penicillids, however, P, philippinensis 
has a muscular pedal disc whereas X. veitchi does 
not. A trend in the Penicillidae towards greater and 
greater specialization for life inside an adventitious 
tube has been identified by Morton (2006a) and will 
be discussed below. 

(i v) Kendrickiana 

The largest (> 30 cm tube length) extant species of 
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Figure 10 The adventitious tubes of a, Foegia novaezelandiae; b, Penicillus philippinensis; c, Kendrickiana veitchi and 
d, Nipponclava gigantea, as seen from the dorsal aspects (scale bar = 20 mm). 


the adventitious tube-building watering pot shells 
was placed in the genus Foegia (itself formerly a 
subgenus of Brechites), the type species of which is 
F. novaezelandiae. Following examinations of and 
comparison with F. novaezelandiae, the southern 
Australian F. veitchi was placed in its own new 
genus Kendrickiana (Morton, 2004c) (Figure 10(c)). 
Anteriorly, the adventitious tube does not end in a 
watering pot "rose" as in other penicillids, but is 
egg-shaped with the tubules arranged more 
randomly. 

Both Foegia novaezelandiae and Kendrickiana 
veitchi are essentially amyarian in terms of 
adductor and pedal retractor muscles but the latter 
species is connected to its adventitious tube 
dorsally by an unique horseshoe-shaped array of 
muscular papillae which are inserted into holes in 
the tube. Kendrickiana veitchi is similar to 
Penicillus philippinensis in that the siphons are 
capable of only limited retraction into the 
adventitious tube and their extension in K. veitchi 
is almost certainly exclusively by hydraulic means. 
Kendrickiana veitchi does not possess pedal 
retractor muscles and thus there are no pericardial 
proprioreceptors. Similarly, unlike all other 
penicillids K. veitchi does not possess a muscular 


pedal disc inside the watering pot and apparently 
lives exclusively in subtidal (to -12 m) Posidonia 
sea grass beds. 

The peculiar dorsal horseshoe-shaped crescent of 
muscular papillae facilitates secure attachment to 
the tube (but not shell valves) and can be considered 
to represent a neomorph, that is, a secondarily 
derived structure replacing the lost adductor 
muscles. As such, it does not serve to close the shell 
valves, since these are tiny (~ 3 mm long) and 
immovably fused into the fabric of the adventitious 
tube but does re-create one of their functions, that 
is, to generate the muscular forces which assist in 
effecting exchange with the water column above 
and, probably, interstitial waters in the burrow 
heading below. As noted above, the elaborate 
saddle-shaped array of papillae connecting the 
animal to its adventitious tube dorso-laterally is 
foreshadowed by the simpler system in Penicillus 
philippinensis (Morton, 2006c). In all other 
anatomical respects, however, K. veitchi is typical 
of the other endobenthic penicillids. 

(v) Nipponoclava 

Nipponoclava gigantea is restricted to the tropical 
Western Pacific waters of southern Japan at depths 
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of between 5-70 m and lives in coarse sand and 
gravel (Figure 10(d)), In many respects, N. gigantea 
appears similar to other endobenthic penicillids in 
that there is a true shell, the margins of which, via 
the intermediary of a narrow saddle, are united 
with an adventitious tube. This has a large watering 
pot anteriorly and pleated ruffles, representing 
either growth or repair events, posteriorly. 
Nipponoclava gigantca differs from other 
penicillids, however, in that its true shell is large, 
that is, ~ 20 mm in height as compared to 2-3 mm 
and the angle of valve splay is but ~ 80° as opposed 
to ~ 180° in other endobenthic penicillids. Internally 
too, the post-juvenile shell has a wide pallial line 
and shallow pallial sinus and there are anterior 
adductor muscle scars. There are possibly also 
posterior adductor muscle scars. These are not 
present in the adult animal, however, although the 
anterior adductor is. Also present are paired 
anterior and (possibly) posterior pedal retractor 
muscles, the latter having a nervous union with the 
visceral ganglia to create simple stretch or tonus 
proprioreceptors. 

Morton (2004b) argued that Nipponoclava 
gigantea provides clues as to how the tube-dwelling 
lifestyle has evolved in the various taxa of the 
Penicillidae. It is suggested that through a process 
of heterochrony in which the animal produces its 
adventitious tube at progressively earlier and 
earlier developmental stages, the true shell has 
become actually and relatively smaller and smaller 
and, hence, more splayed in more derived 
penicillids. Nipponoclava gigantea is thus an 
important link between an hypothetical lyonsiid 
ancestor and the more specialized penicillids. 

(vi) Cementation: Humphrcyia 

The genus Humphrcyia is represented in 
southern Australia by H. strangci (A. Adams, 1852). 
Cotton (1961) identified a second species, //. inccrta 
Chenu, 1843b, from southern Australia but this was 
not recognized by subsequent authors, for example, 
B.J. Smith (1971, 1976, 1998) and Lamprell and 
Healey (1998) and is actually a specimen of 
Kendrickiana veitchi (Morton, 2004c). Fossil tubes 
of H. strangci have been obtained from Late 
Pliocene sediments, also only from southern 
Australia (Gray, 1852, 1858a; E. A. Smith, 1909; LA. 
Smith, 1971, 1976; Morton, 2002b). 

Morton (2002b) described the anatomy of 
Humphrcyia strangci . This study was of special 
interest because there is a specimen of a juvenile 
(Figure 11) available for examination so that it was 
possible to investigate how this species 
"metamorphoses" from a free-living individual to a 
cemented adult. The juvenile shell of H. strangci is 
subquadrate, slightly heteromyarian, equivalve 
(Figure 11(a), SV) and possesses an external 
ornamentation of radially arranged spinules. There 


are relatively large anterior and posterior adductor 
muscles, but no obvious pedal retractor muscles, 
and a deep pallial sinus. The long siphons and body 
are contained within a periostracal sheath (Figure 
11(b), PE) dotted with adhering sand grains (SAG) 
and within which there is a pedal gape (PG) and a 
fourth pallial aperture. Internally, the juvenile shell 
of H. strangci , with an external opisthodetic 
primary ligament that also has a ventral lithodesma 
(Figure 1(f), IT), is overlain by thick fused 
periostracum and cemented to the adventitious tube 
by further secretions from the dorsal mantle, as in 
Brcchitcs vaginifcrus (Morton, 2002a) and all other 
penicillids. 

The adult of Humphrcyia strangci is very 
different (Figure 12) from the juvenile (Figure 11) in 
that it is cemented. When seen from the right side 
(Figure 12), there is a shell (SV) like that of the 
juvenile, but this has been expanded by secretion of 
the saddle (SA) and anteriorly by formation of a 
primary (PWP) and then secondary (SWP) watering 
put, with marginal tubules (TU). The adventitious 
tube (T) arises as a posterior extension (EAT) from 
the watering pot (ESWP) and shows signs of 
subsequent growth (STG). Laterally, the tube has a 
ridge (LR) defining dorsal exhalant from ventral 
inhalant siphons. The adult of H. strangci (unlike 



SV 

Figure 11 Humphrevia strangci. The juvenile as seen in 
(a), side and (b), dorsal views (redrawn after 
E. A. Smith, 1909). (For abbreviations see 
Appendix), 
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Figure 12 Humphreyia strangei. The adult as seen from the right side (redrawn after Morton, 2002b). (For 
abbreviations see Appendix). 


the juvenile) is essentially amyarian. Anatomically, 
there is a typical anomalodesmatan bivalve suite of 
ctenidia, labial palps and associated ciliary currents 
related to suspension feeding, and a complete 
intestine. Morton (2002b) identified a pair of tiny 
pedal retractor muscles (Figure 13, PM) within the 
distal limbs of the kidneys arising from the dorsal 
mantle (M) and thus attached to the adventitious 
tube (T), or internal saddle, and extending 
downwards and attaching to the ventral surface of 
the pericardium (PEC). Ventrally, each muscle block 
is in intimate contact with a large (100 pm) ganglion 
(PRG) which, because of its position, is not one of 
the fused and distinctive visceral ganglia but a 
specialized structure with nervous connections, 
albeit via the cerebro-pleurabvisceral connective (C- 
P-V-CONN), posteriorly, to these and, anteriorly, 
the cerebral ganglia. Lateral to each ganglion is 
what is believed to be a sensory structure that 
comprises hollow sacs some 100 pm in horizontal 
diameter with thickened (8 pm) internal epithelial 
linings. These structures are considered to be a pair 
of specialized proprioreceptors (PSS). Each one 
resembles a disc to which dorsal and ventral 
proprioreceptor muscles attach, so that as they 
either contract or relax, the hollow sensory sacs 
adjacent to each proprioreceptor ganglion will 
either compress or expand, respectively, and so 
stimulate it and thence, the cerebro-pleural and 
visceral ganglia. They probably monitor rectal tonus 
in relation to the discharge of faeces into the long 
exhalant siphon and thus to the exterior (Morton, 
2002b). 

The foot of the adult Humphreyia strangei is 
reduced relative to its size in the juvenile and it is 
proposed that, at some point in time, possibly at 


maturity, and when a site suitable for adult 
occupation is found, the hitherto mobile juvenile 
cements itself to the substratum (Morton, 2002b). 
How the secretion that covers the animal and 
cements it to the substratum is produced is 
unknown, but is possibly secreted in the same way 
as in Brechites vaginiferus (Harper and Morton, 
2004) from the outer surface of the mantle but 
without the template of a burrow wall. 

DISCUSSION 

An adventitious tube is produced by the 
representatives of a number of bivalve lineages, for 
example, the wood-boring Teredinidae (Turner, 
1966) and the Gastrochaenidae, that is, Cucurbitula 
cymbium Spengler, 1783 and Eufistulana mumia 
(Carter, 1978; Morton, 1982, 1983). In both, this is 
associated with the great elongation of the siphons 
and some elements of the mantle cavity, for 
example, the ctenidia and visceral mass, beyond the 
confines of the shell. In teredinids, the shell is 
reduced because it functions largely as a rasping 
file. Gastrochaenids more closely resemble the 
anomalodesmatan watering pot shells in that some 
are borers ( Gastrochaena ), others inhabit a crypt 
(Cucurbitula ) and Eufistulana creates a long 
adventitious tube (Carter, 1978; Morton, 1983). In 
gastrochaenids, however, the shell is always free 
within its crypt (or tube) and, though small, still 
grows continuously with age, for example, 
Cucurbitula (Morton, 1982). This is not so with the 
various representatives of the Clavagellidae and 
Penicillidae, however, where the shell is either 
partly or wholly united, respectively, with a much 
larger crypt or adventitious tube, again 
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Figure 13 Hamphrevia strangei. An interpretation of the structure of a pericardial proprioreceptor {redrawn after 
Morton, 2002b). (For abbreviations see Appendix). 


respectively. Further, in representatives of the 
former the shell is typical of an adult whereas in the 
latter it is a juvenile. 

As this paper argues, what has been regarded as 
the monophyletic Clavagelloidea, as presently 
understood, actually comprises two families and is 
thus diphyletic. Both herein identified families, 
though different in terms of shell and tube 
characters, are similar in terms of their general 
anatomies and, thus, clearly have an 
anomalodesmatan body plan (Morton, 1981, 1985a). 
The structures of the crypts/adventitious tubes and 
the anatomical characteristics of representatives of 
the Clavagellidae and Penieillidae are compared in 
Table 3. It is argued that from morphologically 
simpler anomalodesmatans, probably represen¬ 
tatives of the Lyonsiidae, a crypt or adventitious 
tube has evolved twice, suggesting an ancestral 
predisposition towards progenesis and the 
advantages accrued from such derived structures in 
facilitating the occupation of highly specialized 
marine niches. Although the nestling/boring mode 
of life is seen only in the Clavagellidae ( Dacosta 
and Brvopa), the cemented and endobenthic modes 
of life have, it is argued, evolved twice, it will be 
further argued that neoteny, particularly in the 
Penieillidae, has favoured precocious sexual 
maturity at progressively earlier stages of shell 
growth and that hypermorphosis has resulted in the 


formation of enormously enlarged siphons, 
particularly in Stirpulina (Clavagellidae) and 
Brechites and its allies (Penieillidae) that become 
protected by subsequently secreted adventitious 
tubes. Unfortunately, there is little evidence in 
support of neoteny because no juveniles of any taxa, 
save one, have been identified. The exception to this 
is the single preserved juvenile of Humphreyia 
strangei (Morton, 1984b, 2002b). This juvenile 
individual had anterior and posterior adductor 
muscles and the foot had a byssal groove. If, as 
seems possible, "true" shell growth of such an 
individual were to be arrested in favour of 
enhanced "adventitious" tube growth at precocious 
sexual maturity, this would constitute evidence for 
p os t - n eo te n o u s h y perm or p hosis. 

Function ami origin of the chroagellid crypt 
The crypts of representatives of the Clavagellidae 
probably serve a number of functions. For example, 
species of the oldest genus Chivagella encase 
themselves in a crypt. Dacosta australis is a nestler 
that possibly enlarges its borehole (perhaps made 
initially by another borer) and tubules penetrate its 
base. What their function is, however, is unknown. 
Dacosta australis also secretes a posterior tube to 
protectively enclose its siphons and lines its burrow 
beyond the margins of the left shell valve that is 
cemented to the crypt wall. In basic structure, 
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therefore, the crypt of the numerous extinct species 
of Clavagella and the simple burrow of D. australis 
serve largely for protection of the contained animal. 

Species of Bryopa inhabit corals. Savazzi (2000) 
thought that B. lata bores into dead corals, whereas 
Morton (2005) showed that B. aligamenta occupies 
living corals but, unlike D. australis, does not 
develop a tubular network into the host skeleton. 
Bryopa aligamenta too produces a posterior 
siphonal extension, as does B. aperta, that of the 
latter being flared apically and ruffled (Morton, 
2005). Bryopa aligamenta has evolved surprisingly 
complex ways to protect itself. In addition to the 
siphonal extension, it lines its burrow beyond the 
margin of the cemented left shell valve (as in D. 
australis ) and lays down sheets of calcium 
carbonate to the inner surface of the, free, right 
valve to thicken it. As the burrow is dissolved 
anteriorly so too is the shell, creating a highly 
unusual growth form described first by Savazzi 
(2000) but resulting in the only known (adult) 
bivalve, B. aligamenta , without a primary ligament 
(Morton, 2005). Again, such adaptations seem to be 
for protection. 

(i) Growth of the Bryopa shell 

The pattern of growth exhibited by Dacosta 
australis is typical of the Bivalvia, with commaginal 
growth lines arising from the umbones (Morton, 
1984a). The pattern of shell growth exhibited by 
Bryopa lata is, however, different with the growth 
lines seemingly arising from the posterior edge of 
the shell. Savazzi (2000) interpreted growth in this 
unusual animal. Subsequently, this was re¬ 
interpreted by Morton (2005). In the Bivalvia, 
growth in size is typically at the shell margin 
resulting in the sequential production on each valve 
of commarginal growth lines. In an equilateral, 
isomyarian bivalve, for example species of Circe 
(Figure 14(a)), such lines radiate out equilaterally 
from the umbones about the dorso-ventral growth 
axis of the shell (D-V). In an inequilateral bivalve, 
such as the posteriorly elongate borer Barnea 
(Figure 14(b)), growth ceases to be radially uniform 
about the dorso-ventral axis that now extends 
posteriorly and the distances between successive 
commarginal growth lines become greater on the 
posterior slope and restricted anteriorly. The 
opposite of this is seen in species of rapidly 
burrowing Donax (Figure 14(c)), that is, the dorso- 
ventral growth axis of the shell extends anteriorly 
and hence the anterior slope of the shell becomes 
larger through enhanced inter-commarginal growth 
in this direction. Such variations in the patterns of 
growth demonstrated by the many representatives 
of the Bivalvia create the diversity of the class. 

In Brypoa aligamenta , as suggested by Savazzi 
(2000) for Bryopa lata, there is erosion of the antero- 
dorsal regions of the shell as the animal chemically 


etches out its burrow anteriorly so that the juvenile 
primary ligament is progressively lost. Importantly, 
however, so too is the umbo. This, as the focal point 
of valve union and whose position determines the 
dorso-ventral growth axis of the shell, thus appears 
to migrate posteriorly (as the umbones are 
progressively etched backwards). The commarginal 
growth lines thus appear to arise on the posterior 
slope of the shell and to extend towards the 
anterior. In addition to the apparent posterior 
'migration' of the umbones, there is proportionally 
greater inter-commarginal growth of the posterior 
slope of the shell valve. This means that the 
posterior slope expands faster relative to the 
anterior, enhancing the effect created by the 
posteriorly migrating growth axis. The shapes of B. 
lata and B. aligamenta thus progressively change 
ontogenetically from a juvenile free-living stage 
(Palazzi and Villari, 2000) to the adult (Figure 14(d), 
i-v). A similar situation to that of Bryopa is also 
seen in the South American freshwater unionid 
Acostaea rivoli. Yonge (1978b) described the 
remarkable shell form of this species, as did Taylor, 
et al. (1969) for the Unionoidea in general. Yonge 
(1978b) explained that a pallial epithelium can 
secrete as well as resorb shell material and that 
secretion begins again (following growth) but at a 
point distant from the original ligament, so that a 
new one is formed posterior to it and the original 
umbones and ligament are progressively lost. The 
observations by Taylor et al. (1969) on this subject 
are restricted to the statements (p. Ill) that 'During 
the process of regeneration the epithelial cells of the 
general mantle surface, change their size and 
morphology to resemble those of the outer fold of 
the mantle edge' and (p. 114) that this 'is a response 
by the mantle to some stimulus resulting from the 
abrasion and solution of the shell from the umbonal 
region'. In A. rivoli, the epithelium secreting the 
anterior outer layer of the ligament must be 
responsible for the decalcification of this region of 
the upper (right) valve (Yonge, 1978b). Similarly it 
is also the right valve in B. lata. 

Interestingly, the growth form of the shell in 
Bryopa aligamenta does not influence the 
orientation of the animal within it. That is, the 
positions of the remnant umbo and the hinge plate 
in the free right valve are still dorsal and the body 
tissues, including the main adductor musculature, 
have not been affected by the ontogenetic changes 
in shell form. A similar situation is also seen in the 
coiled and similarly cemented anomalodesmatan 
Cleidothaerus maorianus. In this bivalve, the form 
of the body (Morton, 1974) is uninfluenced by the 
extreme coiling of the shell that results, for example, 
in the lithodesma growing around the ligament 
through > 360° (Yonge and Morton, 1980). A second 
interesting point about the unusual growth form of 
Bryopa lata and B. aligamenta, however is that if it 
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Figure 14 The pattens of commarginal growth as seen in (a), an approximately isomyarian bivalve, Circe, (b), the 
posteriorly elongated borer, Barnea and .(c), the anteriorly elongated burrower, Donax. These are compared 
with (d), the pattern of commarginal growth in Bryopa aligamenta illustrated as a succession of hypothetical 
ontogenetic growth stages (i-v) (redrawn after Morton, 2005). (For abbreviations see Appendix). 


is a consequence of anterior boring, then the 
absence of a similar pattern in Dacosta australis 
suggests that it does not bore. 

(ii) The life history of Bryopa 

With the above interpretation available, it is 
possible to characterize the life history phases in the 
pattern of growth expressed by Bryopa aligamenta , 
as follows: 

Phase I. Each post-settlement individual of 
Bryopa aligamenta commences life with 'The 
appearance of Thracia or Lyonsia “ (Fischer, 1887; 
Palazzi and Villari, 2000), as a free-living juvenile 
that is further described by Palazzi and Villari as 
thin, flat, brittle, shiny and internally nacreous 
(Figure 14(d), i and ii). This juvenile presumably 
now finds a crevice in a coral head to lodge itself 
into and commences boring. To achieve this it, 
again presumably, has mechanisms to protect itself 
against the coral's nematocysts, as in species of 
coral-boring Lithophaga (Morton and Scott, 1980). 

Phase II. Once a borehole is established, it is 
presumably enlarged chemically in a downward 


direction, that is, anteriorly, since there are no 
physical attributes of the shell that could effect 
mechanical boring. During this active boring phase 
(Figure 14(d), iii and iv), the right valve architecture 
is progressively modified as the bivalve bores 
deeper into its substratum, the ligament, umbo and 
the antero-dorsal margin of the shell are eroded and 
the dorse-ventral growth axis of the shell appears 
to migrate posteriorly. Eroded material is probably 
redistributed over the right valve to strengthen it 
externally and to form the siphonal canal as in 
species of coral-boring Lithophaga (Morton and 
Scott, 1980). It is not, however, laid over the surface 
of the left valve suggesting that this is at all times 
firmly adpressed against the burrow wall and to 
which it becomes cemented, possibly when the 
boring process slows as the animal approaches 
maturity. 

Phase III. By the time boring ceases, the dorso- 
ventral growth axis of the shell has moved to a 
posterior position and now the shell valves are 
further strengthened internally by the production 
of alternating layers of calcium carbonate and 
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proteinaceous periostracum (Figure 14(d), v). The 
calcareous layers are obvious anteriorly but 
especially so posteriorly as the animal now further 
protects itself in this direction, for example, from 
surface roving predatory gastropods (Morton, 
1990). The layers of periostracum serve as a 
"secondary ligament" (Yonge, 1978a) to keep the 
valves aligned in the absence (probably loss) of a 
primary ligament - in the latter case due to anterior- 
dorsal erosion - and function as a simple hinge 
allowing the valves to part within the narrow, 
protective, confines of the crypt, probably by 
adjustments to the haemocoelomic tonus of the 
various body organs. More calcareous material is 
probably also deposited posteriorly so that this 
vulnerable end of the shell fits closely up against 
the similarly lined and strengthened siphonal tube. 

(iii) Cementation: Dianadema 

Species of Dianadema cement themselves into 
crevices or to pieces of wood or shell. There is thus 
no burrow to line or substratum onto which they 
can cement their left shell valves. Instead, an 
adventitious tube is produced and into the fabric of 
which is incorporated the left valve. Species of 
Dianadema , for example D. multangularis, have 
tubules emerging from the ventral base of the tube 
and possess apically a dorsal crown of tubules that 
is suggested to function in the aeration of the crypt 
(Morton, 2003a). This is in itself of great interest 
but, more importantly, such a structure links 
Dianadema with the Late Cretaceous clavagellid 
Ascaulocardium armatum and which also had a 
medial circlet of tubules and right anterior tubules 
arising dorsally from between the beaks (Pojeta and 
Sohl, 1987, figure 23). The identification of 
Dianadema and the separation of it from Clavagella 
sensu stricto (without a dorsal crown of tubules) 
thus helps us understand the lifestyle of 
Ascaulocardium, that is, it was probably not a 
burrower/borer and was not cemented like D. 
multangularis but was an endobenthic species 
much more like D. torresi. The tubule arrangement 
of the Late Cretaceous Ascaulocardium was 
possibly thus also an adaptation to improving the 
aeration of its crypt, as suggested for Dianadema 
(Morton, 2003a). 

(iv) Functioning of the Dianadema aeration system 

How the aeration system of the crypt tubule 

system in Dianadema multangularis (and probably 
Ascaulocardium armatum ) might function is 
illustrated in Figure 15 (Morton, 2003a). The shell is 
here shown in transverse section with the left valve 
(LV) attached to and the right (RV) free within the 
crypt. The crypt possesses anterior and ventral 
tubules (AT/VT), connected to the dorsal crown of 
tubules (CT) and the whole structure is cemented to 
a solid substratum (S). Except at the small pedal 


ES SBC 



Figure 15 Dianadema multangularis. A transverse 
section through the shell and adventitious 
tube showing how water is pumped through 
the tubule system (redrawn after Morton, 
2003a). (For abbreviations see Appendix). 

gape, the whole of the ventral mantle margin (MM) 
is sealed. Water thus flows into the infra-branchial 
chamber (IBC) via the inhalant siphon (IS), through 
the ctenidia, and out of the supra-branchial chamber 
(SBC) via the exhalant siphon (ES), as in a typical 
bivalve. This movement will be facilitated in part 
by the lateral cilia on the ctenidia but also by the 
pumping action created by the contraction and 
relaxation of the anterior and posterior adductor 
muscles (AA/PA). However, when the adductor 
muscles relax, the ligament will also relax and so 
the internal right valve will move towards the wall 
of the crypt, the left being fused to it and thus 
immobile. This will push water within the crypt out 
of the tubule orifices. When the adductor muscles 
contract, the right valve will be pulled inwards 
creating a suction pressure within the crypt and 
water will be pulled into it at the tubule orifices. 
Clearly, the functioning of the adductor muscles in 
controlling the flow of water into and out of the 
mantle cavity via the siphons and into and out of 
the crypt chamber via the tubules must be co¬ 
ordinated but, it is argued, this remarkable 
structure and system has been evolved in 
Dianadema (and in Ascaulocardium ) as a means of 
more effectively aerating the protective crypt. It also 
means that the animal could aerate its crypt even if 
the siphons were non-functioning and retracted, 
that is, the tubules also constitute an accessory 
defense mechanism. 
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10 mm 

Figure 1.6 Three stages (a-c) in the construction of the adventitious tube of Stirpulina coronata. {redrawn after Savazzi, 
1999) 


(v) Adoption of an endobenthic lifestyle 

Both Clavagella and Stirpulina evolved in the 
Upper Cretaceous but the latter can be viewed as 
the ultimate refinement of the simpler crypt first 
produced by the former. In Stirpulina, a free-living 
adult animal living vertically in sediments secretes 
an adventitious tube against the template of the 
occupied burrow wall so that it encases the siphons 
and body - again protectively. Anteriorly, however, 
tubules are produced that allow either aeration of 
the burrow heading or, possibly more likely, as in 
endobenthic penicillids, the sucking of interstitial 
water and nutrients into the mantle cavity. If this is 
true, then the watering pot of the adventitious tube 
of Stirpulina is convergent with that of Brechites 
and its endobenthic allies, as will be discussed. 

(vi) Formation of the Stirpulina adventitious tube 

The fossil Stirpulina bacillus (Clavagellidae) from 

the Pliocene-Pleistocene of Palermo, Sicily, Italy, 
was, like the extant Stirpuliniola\~Stirpulina\ 
ramosa, endobenthic with, a long adventitious tube 
and anterior watering pot. The watering pots of the 
fossils S. coronata , S. vicentina and S. bacillus , 
moreover, are formed in a different manner to that 
of penicillids, by progressive encasement of the 
right valve inside the tube (Figure 16, after Savazzi, 
1982a, figure 17.13). The tube is formed first, with 
the left valve united into its fabric. Folds of mantle 
tissue secrete calcium carbonate at their leading 
edges (Figure 16(a)) and gradually form into five 
units (Figure 16(b)) that eventually coalesce but 
leave a pleat extending from the also enlarged 
watering pot tubules (Figure 16(c)). Such a process 
mirrors the situation described for S. coronata and, 
thus, eventually creates a watering pot that is not a 
symmetrical disc as in penicillids, but is U-shaped 
(Figure 17) (Morton, 2CX)6c). A very similar pattern 
of tube formation has been described for the extant 


Stirpulina ramosa (Morton, 2006a). In clavagellids, 
therefore (i), a burrow lining and the development 
of tubules to better aerate a protective crypt have 
led to (ii), the evolution of cementation 
(Dianadema ) and (iii), facilitated the colonization of 
soft sediments ( Ascaulocardium ) and (iv), thereby 
resulted in the evolution of the vertically 
endobenthic genus Stirpulina. The burrow lining 
was thus essentially exaptive for the evolution of an 
adventitious tube in the Clavagellidae. 



L__1 

2 mm 

Figure 17 Stirpulina Crmmata. An anterior view of the 
watering pot (redrawn after Morton, 2006b). 
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Function and origin of the penicillid adventitious tube 
Morton (2002a) showed that interstitial water is 
pumped into the watering pot end of the 
endobenthic Brechites vaginiferus (Penicillidae), in 
contrast to the views of earlier authors (Purchon, 
1956, 1960; Carter, 1978) that it is pumped out of it 
to effect either reburial following disinterment or 
recessing (with growth) by liquifying the sediment. 
Although Purchon (1956) believed this, he 
illustrated (fig.l) the first specimen of Brechites (= 
Penicillus) penis he found lying on its side on the 
sand and with growth of the adventitious tube 
upwards. Clearly, the animal could not re-burrow 
and must have been lying in such a position for a 
long time. Purchon (1960) later suggested that the 
function of pedal disc contractions was to pump 
interstitial water out of the mantle cavity. Savazzi 
(1982a) tested the reburial hypothesis by connecting 
the posterior end of a partially buried adventitious 
tube of Brechites penis to a water source by a 
flexible tube. At low water pressures, complete 
burial was attained in a few seconds. 
Notwithstanding this, Savazzi (1982a, p. 291) 
asserted, 'If the anterior part of crypt becomes 

exposed . the mollusc apparently is unable to 

rebury itself.' Morton (2002a, 2004a) has shown 
experimentally for B. vaginiferus and Foegia 
novaezelandiae, respectively, that neither can re¬ 


burrow and that the prime function of the pedal 
disc is to bring interstitial water into the mantle 
cavity. 

The relationship between the pedal disc and 
watering pot of Brechites vaginiferus is, moreover, 
more complex than either the collection of 
interstitial nutrients, or the aeration and/or 
detoxification of the burrow heading since in this 
amyarian species there is no mechanism to extend 
the siphons (once retracted) other than by the 
hydraulic interplay of interstitial and supernatant 
water. Such pressure changes created inside the 
mantle cavity are transferred to the pallial 
haemocoels which, in turn, effect the pumping of 
blood between the various organ systems, for 
example, the siphons, and hence their extension. 
Body expansion in Kendrickiana veitchi (Morton, 
2004c, figure 18) is similarly by hydraulic means 
although this species has weak siphonal retractor 
muscles, as in Penicillus philippinensis (Morton, 
2006c), so that siphonal retraction is to only a short 
distance (~ 20%) down the tube in both species. 
Brechites vaginiferus , however, can retract into at 
least the bottom 85% of the total adventitious tube 
length, and this is probably a defensive reaction. 
That is, the tube of all penicillids, like the crypt of 
clavagellids, is probably also protective, replacing 
in terms of one function, the greatly reduced shell 




Figure 18 Brechites vaginiferus. Naticid boreholes in two adventitious tubes from Western Australia, close to the 
"watering pot" and thus some 10 cm beneath the sediment surface. 
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valves, Brechites vaginiferns is nevertheless 
attacked by an unidentified drilling naticid in its 
natural habit in Western Australia, the holes always 
being evident at the base of the tube into which the 
animal has retracted (Figure 18; also illustrated in 
Morton, 2002a, figure 3Q. Savazzi (1990, figure 3E; 
1999, figure 17: 14C) also illustrated several 
repaired naticid boreholes near the posterior 
extremity of a Pliocene Stirpulina. 

(i) Function of the adventitious tube 
The adventitious tubes of penicillids can thus be 
considered to fulfil a number of functions. These 
are: 

(a) . Protection of the contained animal, in the 

absence of an adult shell. 

(b) . Creating the rigid external skeleton (again in 

the absence of a functional adult shell) against 
which the pedal disc can pump interstitial 
water into and out of the mantle cavity to 
generate the hydrodynamic pressures 
necessary in the pallial haemocoels to extend 
the siphons following retraction. 

(c) . The same pumping action may supply the 

animal with interstitial bacteria and dissolved 
organic and mineral salts from the burrow 
heading and which probably act as sources of 
nutrients accessory to the material collected by 
siphonal suspension feeding. 

(d) . Aeration of the interstitial water may be 

achieved by pumping mantle cavity water 
obtained from the sea above via the siphons 
into the burrow heading. 

(e) . Possible detoxification of interstitial water, by 

burrow aeration. 

(f) . In Foegia novaezelandiae that, unlike other 

penicillids (Morton, 2004a), lives in anoxic 
sediments, the periostracum covering the 


external surface of the pedal disc is coated 
with an organic floss containing rod-shaped 
bacteria. Morton (2004a) speculated that such 
bacteria might be chemoautotrophic. 

(ii) Formation of the adventitious tube 
Harper and Morton (2004) describe how the 
adventitious tube of Brechites vaginiferus is formed. 
This is illustrated in Figure 19. The pre-tube 
juvenile is surrounded by a layer of periostracum 
(P) secreted bv the general mantle surface (E) 
marginal to the shell and saddle. Previously, the 
juvenile had enlarged itself to its full size within its 
burrow., so that the periostracum is secreted as a 
flexible sheet against the template of the burrow 
wall (B) (Figure 19(a)). Subsequently, the calcareous 
tube (T) is secreted from the same general mantle 
surface, similar to a structurally ordered shell, and 
its external surface acquires the wrinkled form of 
the, now, overlying periostracum (Figure 19(b)). 
Once the tube is formed, the mantle beneath again 
secretes periostracum (P) such that the animal is 
now encased protectively within three layers of 
periostracum, tube and periostracum (Figure 19(c)). 
Extension of the tube posteriorly or the mending of 
any breaks involves dissolution of the inner layer of 
periostracum and secretion by the mantle of new 
calcareous material, as illustrated for B. vaginiferus 
by Harper and Morton (2004, figure 12). 

The mechanism of tube formation in the 
Penicillidae is thus different from that described for 
the clavagellid Stirpulina (Savazzi, 1982a, 2005; 
Morton, 2006a, 2006b). In clavagellids only the left 
valve is united into the final structure of the crypt/ 
adventitious tube and a (1-shaped watering pot is 
produced. Conversely, in the Penicillidae, 
secretions unite both valves into its final structure 
and the watering pot when seen from the anterior, 
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Brechites vaginiferus. Three transverse sections (a - c) through the burrow wall and adventitious tube 
showing how the latter is formed by sequential secretion of A, periostracum; B, the calcium tube itself and 
C, a second laver of periostracum, all from the general mantle surface. 
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Figure 20 Nipponoclava gigantea. a, A dorsal view of the adventitious tube; b, the watering pot as seen from the 
anterior aspect and c, the elevated shell valves as seen from the posterior aspect (redrawn after Morton, 
2004b). (For abbreviations see Appendix). 


as described for Nipponoclava gigantea by Morton 
(2004b, figure 3b), is not folded but approximately 
bilaterally symmetrical. 

An important feature of the shell of Nipponoclava 
gigantea relates not just to its relatively large size 
(Figure 20(a), LV, RV) in relation to the width of the 
surrounding, saddle (SA), debris covered (DE) 
adventitious tube and watering pot (Figure 20(b)) 
but also to the fact that the valves are splayed by 
only about 80° to each other and thus stand proud 
of the tube (Figure 20(c)) although they are partly 
hidden by anterior (AC) and posterior (PC) 
calcareous concretions. Such a situation is very 
different from other penicillids identified by generic 
names only in Figure 21 wherein the shell valves 
are splayed at an angle of ~ 180° to each other but 
are also only ~ 3 mm in height. The shells of all 
penicillids are each defined by a saddle of 
homogeneous shelly material secreted before the 
tube itself is manufactured. Figure 21 demonstrates 
the relationship between shell height (including 
saddle width) and adventitious tube diameter. The 
five genera of endobenthic penicillids studied to 
date can be put in a sequence of decreasing shell 
height and saddle width relative to tube diameter. 


The shell and saddle of N. gigantea is the widest 
followed by B. vaginiferus that has a wide saddle in 
relation to its shell (Morton, 2004b). The other 
genera have yet smaller shells and saddles. 
Similarly, the angle of valve splay increases from 
80° in N. gigantea to 180° in the others. Such a 
generalization seems to fit in approximately with a 
sequence of an increasing degree of muscle loss, or 
trend towards amyarianism, in the same penicillid 
genera resulting in the amyarian Foegia 
novaezelandiae (see Table 4). 

It is here argued that just as the retention of the 
juvenile byssus into adult life in various lineages of 
the Bivalvia can be regarded as examples of 
paedomorphosis, or neoteny (Yonge, 1962), so the 
process of tube dwelling in the Penicillidae can be 
considered to represent a case of heterochrony. That 
is, at one time an otherwise 'Typical'", albeit 
neotenous, bivalve, possibly similar to animals like 
Panomya ampla and Panope generosa illustrated by 
Yonge (1971, figs 16 and 23, respectively), with very 
little of the mantle (and contained body) and 
siphons capable of being protected by withdrawal 
into the shell, produced a tube to protect such 
tissues. Over time, natural selection has favoured 
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Table 4 A revised classification of the extant watering pot shells of the Clavageilidae and l’enicillidae, with each 
family's representative genera, tvpe species and the species revievved in this paper also identified. 

Superfamily Clavagelloidea d'Orbigny, 4843 

Family Clavageilidae d'Orbigny, 1843 
Aspergillidae Gray, 1858) 

G e n u s Cl a rage //a 1 a m a r e k, 181 8 1 Extinct] 

Chivi Sjyplfe Lamarck, 1818, //, N. Anim. $am Vert., 5, 430. 

Tvpe species: Clavagella echinata l a mark, 1818 (S.D.: Children, 1823) 


Genus Da-costa Gray, 1858 
DacostaG ray, 1858, Proc. Zoo], Soc. l.ond. 26, 315. 

Type species: Clavagella australis Sowerby, 1829, (Monotypv). 

Dacosta australis (Sowerby, 1829) 

Genus Brvopa Gray, 1847 

Brvopa Gray, 1840. Sen. Con/. Brit. Mus., 42, 150 (n.n.): 1847. 

Type species: Clavagella aperta Sowerby, 1823 (O.D.). 

Bryopa lata (Broderip, 1834) 

Bryopa aperta {Sowerby, 1823) 

Brvopa aligamenta Morton, 2005 

Genus Dianadenia Morton, 2002 
Dianadema Morton, 2002. /. Zool, Lond. 259, 391. 

Tvpe species: Clavagella multangularis (Tate, 1887). 

Dianadema multangularis (l ate, 1887) 

Dianadema torresi (Smith, 1885) 

Dianadema mascamnensis (Oliver and 1lolmes, 2004) 

Genus Stirpulina Stolic/ka. 1870 

Stirpulina Stoliczka, 1870. A 1cm. Geol. Surv. India. Palaeont. indica, 3, 27 
Type species: Clavagella coronata Deshayes, 1824. (O.D.). 

Stirpulina ramosa Dunker, 1882 


Family Penicillidae Bruguiere, 1789 

Genus Penicillus Bruguiere, 1789 
Penicillus Bruguiere, 1789. Encv. Method. (Vers). 1, 126. 

Type species: Serpula aquaria Burrow, 1815 - Serpula penis Linnaeus, 1758: (S.D. - Stoliczka, 1871). 
Penicillus penis Linnaeus, 1758 
Penicillus philippinensis (Chenu, 1843) 

Genus Brechitcs (.uettard, 1770 
Brechites Guettard, 1770, Mem. dill Sa 3, 154. 

Type species: Aspergillum vaginiferum Lamarck, 1818. (S.D.: Stoliczka, 1871) 

Brechites vaginiferus (Lamarck, 1818) 


Genus Foegia Gray, 1847 
foegia Gray, 1847, Proc. Zool. Soc., Lond. 15, 188. 

Type species: Aspergillum novaezekmdiae Lamarck, 1818 = Penicillus novaey.elandiae Bruguiere, 1789 (Monotypv). 
Foegia novaezelandiae Bruguiere, 1789 

Genus Nipponoclava B.j. Smith, 1976 
Nipponoclava B.j. Smith, 1976, /. Matac. Soc. Amt. 3, 197. 

Tvpe species: Aspergillum giganteum Sowerby, 1888. 

Nipponoclava gigantea Sowerby, 1888 

Genus Kendrickiana Morton, 2004 

Kendrickiana Morton, 2004, Invert. Biol. 1.23 (3), 245.246. 

Type species: Brechites veitchi B.J, Smith, 1971 

Kendrickiana x eitchiR.j. Smith, 1971 

Germs l lumphrci ia G rav, 1.858 
Humphrevia Gray, 1858, Proc. Zool. Soc. Lond. 26, 317. 

Tvpe species: Aspergillum strangei A. Adams 1832 (Monotypv). 

Humphrevia strangei (A- Adams, 1854) 





















50 


B. Morton 



C, Foegia 




Figure 21 Generalised transverse sections through the true shells, saddles and adventitious tubes of various 
representatives of the Penicillidae. A, Nipponoclava gigantea ; B, Brechites vaginiferns; C, Foegia 
novaezelandiae; D, Penicillus philippinensis; E, Kendrickiana veitchi and F, Humphreyia strangei. All 
drawn to the same scale. Central hatching, shell height; vertical lines, saddle width; L, angle of shell valve 
splay; S + S (as %), total width of splayed valves plus saddle in relation to adventitious tube width (redrawn 
after Morton, 2004b). 
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such a lifestyle and the adventitious tube has 
assumed, in addition to protection, another of the 
major functions of the shell, that is, to act as an 
exoskeletal attachment site for the albeit reduced 
adductor and pedal musculature. But this functions 
also in quite another way from the typical bivalve. 
In more specialized penicillids, such as the 


S D 



Figure 22 Kendrickiana veifchi. A dorsal view of the 
animal, showing the horseshoe shaped array 
of muscular papillae (redrawn after Morton, 
2004c). (For abbreviations see Appendix). 


amvarian f : oegia novaezelandiae , the functions of 
the shell and adductor muscles have been taken 
over by the tube and pallia! musculature, 
respectively. Si phonal extension in penicillids is by 
hydraulic means (as in all bivalves) but the result of 
the interplay of hydrostatic forces created by the 
pumping actions of the pedal disc not bv the 
conventional closing and opening of the shell valves 
bv the interplay of adductor muscles and ligament. 
This has been explained and illustrated by Morton 
(2004c, figure 18) for Kcndhckiana veitchi that is 
attached to its tube (in the absence of adductor 
muscles) by an unique, horseshoe-shaped array of 
dorsal muscular, pallia! papillae. This is seen in 
dorsal view in Figure 22 (PRM) and which 
surrounds the pericardium (PEC) and contained 
structures, that is, kidneys (K), rectum (R), heart 
with central ventricle (V) and auricles (AU), 
digestive diverticula (DD) and minute posterior 
pedal retractor (PPR?) and accessory suspensory 
muscles (ASM). In other respects K. veitchi is 
similar to other penicillids with a long siphonal 
tube (S), camouflaged by adhering debris (D). There 
are long siphonal retractor muscles (SRM) 

Of all penicillids, Penicillus phiiippinensis (Figure 
23(a)) is structurally most similar (Morton, 2006c) 
to Kendrickiana veitchi (Morton, 2004c) (Figure 
23(b)). This similarity relates to the occurrence in 
them both of either a saddle or a horseshoe-shaped 
array of muscular papillae (PRM (2)) that connect 
each animal to its adventitious tube dorso-laterally. 
No other watering pot shell possesses such an array 
of muscular pallial papillae. The situation in K. 
veitchi seems to have evolved from that in P. 
phiiippinensis by the rotation dorsal I v of the 
papillate area of mantle and the movement too of 
the pedal gape (PG) to a more antero-ventral as 
opposed to a more anterior position. This accounts 
also for the radial symmetry of the watering pot of 
P. phiiippinensis and the dorso-ventrally 
asymmetrical one of K. veitchi. There are, moreover, 
other differences between the two species. In many 
ways the simple tiny papillae of P. phiiippinensis 
foreshadow the situation seen in K. veitchi. The 
papillae of the latter are large and find deep 
muscular attachment within pits in the adventitious 
tube whereas in the former they are but lightly 
attached via the intermediary of an epithelium to 
the calcareous concretion that covers the interior 
surface of its tube beneath and anterior to the 
positions of the true shell valves. Kendrickiana 
vmfchi also possesses a distinct pair of accessory 
suspensory muscles (Figure 23(b), ASM) attaching 
the visceral mass dorsailv to the adventitious tube. 
There is a similar but less distinct pair of such 
muscles in P. phiiippinensis (Morton, 2006c). 
Morton (2003b) showed, moreover, that such 
muscles are also possessed by the deep-water 
1 vonsiellid Bentholvonsia teramachii. Runnegar 
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Figure 23 Penicillus philippinensis. a, Stucture of the mantle below the saddle and how it previses the situation, b, in 
Kendrickiana veitchi (redrawn after Morton, 2006c). (For abbreviations see Appendix). 


(1972) also identified such muscle scars in various 
representatives of the Palaeozoic Pholadomyidae, 
including Pholadomya, Wilkingia and Homomya. 
Such an unusual and distinctive muscle might help 
to establish a connection between the most ancient 
pholadomyoids and some of the most modern 
lyonsiellid predators and representatives of the 
equally modern Penicillidae. Morton (1980) 
suggested that the pholadomyid Pholadomya 
Candida pumped interstitial burrow water (plus 
contained nutrients) into its mantle cavity via the 
pedal gape. Such behaviour is clearly very similar 
to the situation in the endobenthic watering pot 


shells herein discussed lending support to the 
contention, again of Morton (1980) but also of Pojeta 
and Sohl (1987), of a common ancestry in the two 
lineages. 

The peculiar dorsal horseshoe-shaped crescent of 
muscular papillae in Kendrickiana veitchi 
obviously facilitates secure attachment and can be 
considered to represent a neomorph, that is, a 
secondarily derived structure replacing the lost 
adductor muscles and serving to attach the animal 
securely to its tube and not shell valves. As such, it 
does not serve to close the shell valves, since these 
are tiny and immovably fused into the fabric of the 
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adventitious tube but does re-create one ot their 
functions, that is, to generate the forces which effect 
exchange with the water column above and 
interstitial waters in the burrow heading below. 
How this might be achieved is illustrated in Figure 
24. In Figure 24(a), the animal is in hydraulic and 
muscular tonicity with its environment. Water is 
moved into and out of the mantle cavity via the 
siphons and the watering pot and pedal gape 
certainly by ciliary currents engendered by the 
etenidia in the case of the former but at least also by 
the contractions and relaxations of the anterior 
mantle facilitated by the muscularixed dorsal 
papillae. In Figure 24(b), a stimulus has caused the 
siphons to contract. But they can do so only a little, 
unlike in other pen kill ids, for example B. 
vaginiferus (Morton, 2002a, figure 10) where the 
siphons can be retracted to approximately one-fifth 
their expanded size. This contraction causes water 
to be pushed out of the tube, but since it cannot do 
so posteriorly at the siphons, it must be expelled 
anteriorly out of the pedal gape and into the 
interstitial spaces of the burrow heading external to 
the base of the tube. Extension of the siphons again, 
however (Figure 24(c)), must be effected by the 
anterior mantle being contracted upward, bringing 
interstitial water into the tube and thence into the 
mantle cavity. By repeating this process (Figure 
24(d and e)), the siphons are extended further and 


further until the stable state of ambient tonicity is 
re-achieved (Figure 24(f))). This process is similar to 
that envisaged for other penieiilids, for example, B. 
vaginiferus (Morton, 2002a) except that in this 
species, the siphons are highly muscular and their 
retraction is deep into the tube. Their extension is 
made possible by the pumping movements of the 
pedal disc acting agonisticaiiy and in concert with 
the siphonal muscles to move blood between 
haemocoels. In Kendrickiana veitchi , the siphons 
are poorly muscularixed and so all movements 
must be controlled by the contraction of the 
horseshoe-shaped array of muscular mantle 
papillae - hence its large size and significance. In 
these two species, therefore, the "pumps” which 
create the hydraulic forces in the mantle cavity 
necessary to effect movement are the pedal disc in 
B. vaginiferus and the pallia! muscles in K. veitchi. 
Foegia novac/.clandiac is more like B. vaginiferus in 
this respect (Morton, 2004a). 

It is important to realize however that the 
pressures generated in the mantle cavity by 
contraction of the pedal disc or muscular mantle 
papillae must act first on the blood vascular system 
to achieve movements of, for example, the foot but, 
especially, the siphons. In the highly hydraulic 
environment of the tube of Kendrickiana veitchi , 
therefore, there is a need to monitor body tonus. 
Over-inflation of the mantle and siphons may be 



Figure 24 Kendrickiana veitchi. Generalized illustrations ot longitudinal sections through the adventitous tube 
showing the postulated method of siphonal extension. For an explanation see page 53. (redrawn alter 
Morton, 2004c). 
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restricted by the thick surrounding periostracum and 
adventitious tube but the reception of the state of 
tonicity is possibly the function of the paired, simple 
proprioreceptors based around the vestigial posterior 
pedal retractor muscles and their connection with the 
visceral ganglia. Such muscles are also retained in 
other members of the Penicillidae, for example, 
Humphreyia strangei , but also occur in the 
clavagellid Dianadema multangularis (Morton, 
2002b, 2003a). Both of these are cemented, 
epibenthic species in which the pericardial 
proprioreceptors are much more sophisticated 
especially in the former. Where posterior pedal 
retractor muscles are either lost, for example in 
Brechites vaginiferus, or vestigial, as in Foegia 
novaezelandiae (Morton, 2002a, 2004a), there are no 
pericardial proprioreceptors. It is also significant 
that the blood vessels and pallial haemocoels of all 
penicillids are huge in comparison with those of 
representatives of the Clavagellidae. 

(iii) Growth in Humphreyia 
Savazzi (1982a, p. 84-85) considered that 'The 
genus Humphreyia Gray, 1858, represents an 

intermediate morphological state.Nevertheless, 

there are reasons to believe that Humphreyia is not 
an evolutionary intermediate between Clavagella 
and Penicillus (see L.A. Smith, 1962 [p.16; fig.l ]): it 
represents more likely a secondary adaptation to 
cementation, and is a Recent offshoot of Clavagella'. 
B.J. Smith (1976), also, in erecting the sub-genus 
Nipponoclava , placed N. gigantea in the genus 
Humphreyia (Gray, 1858). Such an unexplained 


decision was possibly based upon the fact that the 
true shell valves of H. strangei are not splayed at 
180° to each other, but at an angle of -120°, that is, 
they stand proud of the adventitious tube and 
thereby resemble N. gigantea (Figure 21). 
Humphreyia strangei is clearly very different from 
the other endobenthic representatives of the 
Penicillidae in that it lives epibenthically cemented 
to stones and empty shells. 

As postulated for Brechites vaginiferus , 
Humphreyia strangei probably undergoes a number 
of stages in its life history that are illustrated in 
Figure 25. First, there is probably an undescribed 
planktonic larva, followed by a settling pediveliger 
stage. This settles to produce, second, an active 
juvenile (Figure 25(a)) that has been described by 
Morton (1984b) and herein. Importantly, this 
possesses a normal pair of adductor muscles that 
means that the animal functions like a typical 
bivalve and must be able to close its shell valves, at 
least partially. Once a habitat is chosen by the 
juvenile for permanent occupation (Figure 25(b)), 
further growth occurs, the saddle is produced, and 
the mantle cavity is greatly expanded beyond the 
margins of the shell valves so that they become 
oriented at an angle of -120° to each other. The 
adductor muscles presumably degenerate at this 
stage. The animal thus occupies a bag-like mantle 
covered mostly by periostracum. The third, 
cemented, adult stage (Figure 25(c)) is formed when 
the anterior watering pot is produced, possibly in 
two stages, the first uncemented, the second so 
attached. The fourth adult stage develops an 



Figure 25 Humphreyia strangei. Postulated stages (a-d) in the growth from a juvenile to an adult. For an explanation 
see pages 54-55. (redrawn after Morton, 2002b). 
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adventitious tube posteriorly to house the now 
greatly enlarged siphons (Figure 25(d)) and this, 
only, can be elongated as further growth occurs in 
this direction but, again, not anteriorly. 
Humphreyia strangei is, thus, first, a tree-living 
juvenile, then an epifaunal, initially byssally- 
attached bivalve that subsequently cements to a 
substratum, and finally becomes a mature Brechites- 
like watering pot shell, albeit with occluded pedal 
gape and tubules. 

Like Nipponodava gigante a, the juvenile of 
Humphreyia strangei has both adductor muscles 
present (Morton, 2002b) further supporting the 
argument that modern, functionally amyarian 
penicillids ( Foegia is actually amyarian) arose from 
a more "typical” bivalve, probably a lvonsiid 
ancestor (Drover et al., 2003), by (i), the secretion of 
an adventitious tube for the protection of a body no 
longer encased largely within shell valves and (ii), 
progressive reduction in the size of the shell 
through processes of neoteny and heterochrony, in 
which the animal produces its adventitious tube at 
progressively earlier and earlier developmental 
stages such that the valves become actually and 
relatively smaller and smaller and, hence, more 
splayed. The large shell of N. gigantea, with 
internally a set of pallial and adductor muscle scars, 
forms a link, which Harper and Morton (2004) 
postulated must exist, between a more or less 
typical endobenthic lvonsiid bivalve and the more 
highly derived other representatives of the 
Penicillidae. 

Evolution 

Representatives of the Clavagellidae with their 
origins in the Upper Cretaceous are characterised 
by a shell with an internal ligament, the left valve 
uniting marginally with an adventitious crypt, the 
right valve free inside it. There are, moreover, large 
anterior and posterior adductor muscles, anterior 
pedal retractor muscles (in Clavagella) and no 
anterior muscular pedal disc. Conversely, 
representatives of the Penicillidae with their origins 
in the Oligocene possess a tiny shell with an 
external ligament, and both valves are marginally 
united with the adventitious tube. Penicillids are, 
moreover, virtually amyarian except for vestigial, 
either anterior ( Brechites ) or posterior 
(Humphreyia ), pedal retractor muscles and all, save 
Kendrickiana veitchi, possess a muscular pedal 
disc. Thus, representatives of the two newly 
recognised families constitute a remarkable 
example of convergent evolution in terms of (i), the 
adoption of the epi benthic tube-dwelling mode of 
life in Brechites and its allies (Penicillidae) and 
Stirpulina (Clavagellidae) and (ii), cementation in 
Humphreyia and Dianadema. 

An interesting point about Humphreyia strangei 
is that ontogenetic metamorphosis occurs at the end 


of the juvenile phase and is associated with a loss of 
mobility and adoption of the cemented mode of life. 
As far as is known, such a change, unlike 
cementation in other bivalves, including the 
anomalodesmatans Myochama and Clddothaerus 
(although juveniles of these are also unknown), 
where the setting pediveliger transforms into the 
cemented juvenile which then grows into the adult, 
appears to be unique to Humphreyia, Although it 
has been argued that such a metamorphosis also 
occurs, for example, in Brechites vaginiterus 
(Harper and Morton, 2004) and probably other 
endobenthic penicillids. Morton (2002a) has shown 
that in some habitats, B. vaginiterus cements itself 
to stones and rocks. Cementation has thus evolved 
relatively recently in the Penicillidae, probably from 
a Brechites- like ancestor, possibly similar to 
Nipponodava (B.j. Smith, 1976). Conversely, in 
representatives of the Clavagellidae there is no 
juvenile to adult metamorphosis. That is, for 
example, in Bryopa , there is a juvenile with a typical 
shell (Palazzi and Villari, 2004) that settles into a 
crevice and progressively grows, like any other 
bivalve, into an adult albeit with an admittedly 
strange form (Savazzi, 2000; Morton, 2005), but 
without a metamorphic phase. More similarly to 
Humphreyia , however, is the cemented Dianadema , 
but this too constitutes a juvenile that grows in the 
usual manner until a cemented crypt occupied by 
the adult is produced. 

Harper and Morton (2000) and Morton and 
Harper (2001) have shown that cementation in the 
Anomalodesmata has evolved in two additional 
phylogenies, that is, the Myochamidae and 
Cleidothaeridae, and again in both, relatively 
recently. Thus, although the Anomalodesmata has a 
long history, especially the Pholadomyidae 
(Morton, 1980), stemming from the Palaeozoic to 
the Recent, cementation in the sub-class is a modern 
phenomenon and has, hence, evolved quite 
independently in the Myochamidae, 
Cleidothaeridae, Clavagellidae and Penicillidae. 
Dianadema (Clavagellidae) and Humphreyia 
(Penicillidae) are thus convergently similar, 
cementation in the former arising in approximately 
the Eocene of the Indo-West Pacific and Australia 
and the latter in the Pliocene of Australia. 
Convergent evolution in Humphreyia and 
Dianadema has resulted in some quite surprising 
analogies. For example, Morton (2002b, 2002c) 
showed that both have evolved a unique pair of 
pericardial proprio receptors in the kidneys, 
possibly to prevent overfilling of the rectum or to 
monitor bodv tonus. Some other penicillids also 
possess such, typically simple, proprioreceptors hut 
they are only present when the posterior pedal 
retractor muscles are not lost. 

In addition to the extraordinarily wide range of 
morphological diversity seen in the representatives 
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of anomalodesmalan families (Morton, 1981, 1985a), 
the more species that are examined, the wider 
becomes the total spectrum of adaptive radiation 
exhibited by the sub-class. For example, the 
cemented habit in the various lineages of the 
Anomalodesmata, that is, Myochama and 
Cleidothaerus (Harper and Morton, 2000; Morton 
and Harper, 2001) and now the Australian 
Humphreyia and Dianadema (Morton, 2002b, 
2003a) seems restricted to the southern hemisphere 
islands of New Zealand and Australia. What factors 
drove the evolution of the cemented habit in these 
four families of the Anomalodesmata in southern 
hemisphere waters is, however, unknown [but 
needs to be addressed]. Similarly, Harper et al 
(2000) showed that, cladistieally, representatives of 
the Clavagelloidea appear more closely related to 
the various deep-water representatives of the 
predatory septibranch families. In these bivalves too 
there is pumping of water into and out of the 
mantle cavity, albeit to capture prey, by means 
other than the adductor muscles (Yonge, 1928). 

The Anomalodesmata is hence a truly amazing 
example of adaptive radiation, with two families of 
watering pot shells in shallow waters competing, in 
terms of bizarreness, with four families of deep¬ 
water predators and an even greater variety of other 
strange bivalves last reviewed by Morton (1985a). 

A revised taxonomy of the watering pot shells 

Surprisingly, in what is perhaps one of the most 
important analyses of the evolutionary history of 
the fossil Anomalodesmata, Runnegar (1974) made 
no attempt to review the Clavagelloidea, beyond 
recognising it as one superfamilial entity. Similarly, 
L.A. Smith (1962a, 1962b) and B.J. Smith (1971, 
1976, 1998) considered all watering pot shells to 
comprise but one superfamily and family - the 
Clavagellidae. 

Gray (1858a) considered that his family 
Aspergillidae comprised two subfamilies, that is, 
the Penicillina, encompassing the genera Wamea, 
Aspergillum , Penicillus, Clepsydra , Arytene and 
Foegia, and the Clavagellina, including Clavagella, 
Bryopa and Dacosta. Humphreyia was placed in its 
own family - the Humphreyiadae. Starobogatov 
(1992) considered that the most primitive 
component of his Order Pholadomyiformes was the 
Suborder Laternuloidei, and from which was 
derived two other suborders, that is, the 
Pholadomyoidei and Clavagelloidei. Starobogatov 
(1992) also considered his suborder Clavagelloidei 
to comprise two superfamilies, that is, the 
Penicilloidea Scarlato and Starobogatov, 1971 and 
the Clavagelloidea d'Orbigny, 1843. A somewhat 
similar view was held by Morton (1985a), who 
thought that the Clavagelloidea was most closely 
linked to the Laternulidae and, both, back in time, 
with the Pholadomyidae considered by Runnegar 


(1974) and this author (Morton, 1980) to contain the 
oldest anomalodesmatans. Savazzi (1999) 
considered that the Clavagella and Brechites 
lineages represented a case of parallel evolution. It 
was only after a comparison of Brechites 
vaginiferus and Humphreyia strangei (Morton, 
2002a, 2002b), that Morton (2002c) could agree with 
this view and therein suggested separation of 
Savazzi's two "lineages". This study formalizes this 
view. That is, watering pot shells are divisible on 
the basis of many criteria into the Clavagellidae 
d'Orbigny, 1843, with the name Aspergillidae Gray, 
1858 as a junior synonym (Habe, 1977), and 
Penicillidae Bruguiere, 1789. There is a time 
difference of at least 40 million years between when 
the two families arose, both, however, probably 
from lyonsiid ancestors. 

The proposed taxonomic classification of the 
watering pot shells is presented in Table 4. The two 
identified families - the Clavagellidae and 
Penicillidae - each contain a number of genera and 
representative species that are recognized and 
discussed herein. 

A revision of the watering pot clades and a remarkable 
example of convergent evolution 

Figure 26 provides a comparison of the currently 
recognized extant genera of the Clavagellidae and 
Penicillidae. A comparison with Stirpulirta is 
hampered by a lack of information on the genus, 
the only living species, S. ramosa, never having 
been examined anatomically, although Morton, 
(2006a) has studied the shell and tube and shown 
how the latter is formed. There is clearly a range in 
lifestyles in the Clavagellidae, from the endobenthic 
Stirpulina (Savazzi, 1982a, 1982b), to the small, 
cemented, epibenthk Dianadema (Morton, 2003a) 
and the endolithic, either nestling ( Dacosta ) or 
boring ( Bryopa ) (Morton, 1984b; Savazzi, 2000). All 
are united by the fact that only the left valve is 
incorporated into the fabric of either the crypt or 
adventitious tube, but it is probable that ligament 
form is also related to lifestyle. All clavagelloids 
possess periostracal calcareous spinules on their 
shells, particularly posteriorly, as have been 
reported for a number of anomalodesmatans 
(Harper et al, 2000). Of importance is that no 
clavagellid possesses a pedal disc and in this 
context too it is important that in them all, the pedal 
retractor muscles are either vestigial ( Dacosta and 
Dianadema ) or absent ( Bryopa ) and the foot is also 
always small. There is, however, a pedal gape in 
representatives of all genera except Stirpulina 
(Morton, 2006a, 2006b) and, similarly, anterior 
tubules are present in all genera except Bryopa. 
None of the genera possesses a fourth pallial 
aperture, but radial mantle glands are present in the 
siphons of Clavagella and Dianadema the resulting 
in the presence of sand grains and other detritus 
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Figure 26 An illustration of watering pot evolution showing the remarkable pattern of parallel evolution between the 
Clavagellidae and Penicillidae, albeit over two time-scales, that is, Mesozoic and Cenozoic. 1-4 represent 
functional ciades: 1A and IB [endobenthic] and 4A and 4B {cemented endobenthic] and constitute the most 
striking examples of parallel evolution between, the two phylogenies. 


adhering to the siphonal tips, probably to 
camouflage them. Anatomically/ all representatives 
are similar, for example in the degree of mantle 
fusion (Type C; Yonge 1982), with a two-lavered 
periostracum, a ctenidial dilation of Type E ( A!kins, 
1937), a ctenidial/labial palp junction of Category 
III (Stasek, 1963) and statocysts of Type B3 (Morton, 
1985c). These characters, however, are typical of 
most anomalociesmatans (Harper et al, 2000). 

There are two penicillid dades. The first is the 
endobenthic, adventitious tube-dwelling genera 
PeniciUus , Brechites , Foegia, Kendrickiana and 
Nipponoclava with the last named showing how 
the former have evolved, through a process of 
heterochrony (Morton, 2004b), The second is the 
cemented Fhnnphrevia , possibly also evolved from 
a common ancestor with Nipponoclava. Associated 
with greater and greater specialization for 
occupation of an adventitious tube,, endobenthic 
genera show a progressive loss of anterior and 
posterior adductor and pedal retractor muscles, 
culminating with the amvarian Foegia 


no\ aezelandiae (Morton, 2004a). Where posterior 
pedal retractor muscles survive as remnants, they, 
like their clavagellid counterparts, have evolved a 
pair of pericardial proprioreceptors. The foot is 
always present, but very reduced. There is, a pedal 
gape in representatives of all genera and, similarly, 
anterior tubules are present in all genera. All the 
genera possess a fourth pallial aperture and radial 
mantle glands are present in the si phonal apices of 
all genera, except Kendrickiana and PeniciUus , and 
to them sand grains and other detritus presumably 
to camouflage them. 

The shells of all representatives of both families 
resemble those of lyonsiid anomalociesmatans; a 
suggestion substantiated by genetic determination 
of a close affinitv, at least between Lvonsia 
norwegica Gmelin, 1791 and Brechites vaginiferus 
(Drever et al., 2003). It is thus argued that the two 
families evolved at different times, possibly both 
from lyonsiid ancestors, and that the various 
representatives of both constitute an extraordinary 
example of convergent evolution 
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CONCLUSIONS 

As herein discussed, it is suggested the 

Clavagelloidea, as currently defined, comprises two 

families - the Clavagellidae and Penicillidae. 

1 • Representatives of the constituent genera of the 
two families are similar in terms of the shell 
structure and the organization and functioning 
of the organs of the mantle cavity and visceral 
mass in part accounting for why they have been 
considered to be representative of one 
phylogeny. Such characters are, however, 
largely "anomalodesmatan", more specifically, 
"lyonsiid". 

2. Differences between the major genera of the 
Clavagelloidea have, however, progressively 
become recognized and in this the juvenile of 
Humphreyia strangei is most significant. The 
hinges of adult Brechites vaginiferus and its 
allies are obscured by internal and, in some, 
external calcifications that fuse juvenile shell, 
saddle and adventitious tube. The ligament of 
Humphreyia , however, is external and has a 
lithodesma whereas that of Dacosta is internal 
with no lithodesma. On other grounds too, 
Humphreyia can be allied to Brechites (Morton, 
2002b) and not Clavagella, as previously 
thought (L.A. Smith, 1962a). Thus, cemented 
Humphreyia\, and Brechites and the latter's 
endobenthic allies are separate from Clavagella 
and its allies, but the significance of this has 
hitherto escaped formal attention. Further, 
Clavagella, Dacosta and Bryopa have two large 
adductor muscles, no pedal retractor muscles, 
and a pallial sinus (both absent in adult 
Humphreyia and Brechites and most of its 
allies), no pedal disc (present in Brechites and 
Humphreyia). Most important, however, the 
left valve only of Dacosta is united with its 
crypt or adventitious tube ( Stirpulina ), the right 
being free inside it. Conversely, in Brechites 
and its allies, including Humphreyia , both 
valves are united marginally with the 
adventitious tube. 

3. The patterns of tube formation expressed by 
the endobenthic Brechites and its allies 
(Penicillidae) and Stirpulina (Clavagellidae) are 
also fundamentally different, though both are 
secreted from the mantle overlying the body. 
As a consequence, the watering pot of Brechites 
and Stirpulina are bi-laterally symmetrical and 
Q-shaped, respectively. 

4. It is thus proposed that Clavagella and its left - 
fused - valve allies be referred to the 
Clavagellidae (d'Orbigny, 1843) that appeared 
in the Mesozoic and Humphreyia , and 
Brechites and its allies to the Penicillidae 
Bruguiere, 1789 that appeared in the Cenozoic. 
This latter name is chosen based on it being (a), 
the oldest available and (b), that used by Gray 


(1858a) for his subfamily Penicillina 
(distinguishing it from the Clavagellina) and 
Starobogatov (1992) for his Penicilloidea 
(distinguishing it from the Clavagelloidea). In 
formalizing this taxonomic proposal, a familial 
compromise between the two taxonomic views 
of Gray and Starobogatov is adopted. 

5. It is suggested, however that the Clavagellidae 
and Penicillidae as herein defined have both 
evolved from lyonsiid ancestors (albeit at 
different times of approximately 40 million 
years between such convergent evolutionary 
events), accounting for their genetic similarity 
(Dreyer et al., 2003). Finally/ however, it is 
important to realize that the infaunal tube 
building and the cemented watering pot 
lifestyles have both evolved independently in 
the two families at different times, and thus 
constitute two remarkable examples of 
convergent evolution. This is illustrated in 
Figure 26 (partly after L.A. Smith, 1962a), with 
the clades of the Upper Cretaceous 
Clavagellidae identified by their constituent 
genera, that is, the endobenthic Stirpulina (1A) 
(and possibly Ascaulocardium [1A?]), the 
nestling / boring endolithic Clavagella and 
Dacosta (2), the endolithic, live coral boring 
Bryopa (3), and the cemented Dianadema (4A). 
The endobenthic and cemented clades of the 
Clavagellidae (1A and 4A) have penicillid 
analogues in Oligocene Brechites (IB) and its 
allies, and Plio-Pleistocene Humphreyia (4B), 
respectively. There is no penicillid analogue of 
Dacosta and Bryopa, however. 

6. In the Clavagellidae, the occupation of a 
cemented crypt in Dianadema or an 
adventitious tube in Stirpulina is possibly the 
consequence of pre-adaptation (exaption). That 
is, the adoption of an endolithic life style 
(Dacosta, Bryopa) wherein the burrow is lined 
with relocated calcium carbonate and the 
formation of a protective tube for the siphons 
possibly foreshadows the situation in 
Dianadema and Stirpulina. However, no such 
endolithic precursor is known for the 
Penicillidae that probably, therefore, have 
evolved from a burrowing ancestor. 

7. The Clavagellidae and Penicillidae thus provide 
us with perhaps one of the best, most 
remarkable, and hitherto unappreciated 
examples of convergent evolution in the 
Bivalvia. Harper et al. (2000) have suggested 
that the Anomalodesmata today comprises 
about one sixth of all bivalve families and has 
done since the Palaeozoic. With the discovery 
that the Clavagelloidea comprises not one but 
two families, this extraordinary adaptive 
radiation at the supra-generic level is now 
known to be yet more diverse and complex than 
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hitherto appreciated. In the Palaeozoic, the 
Anomalodesmata comprised a diverse group of 
bivalves (Runnegar, 1974), albeit largely 
contained within one superfamily - the 
Pholadomyoidea (Moesch, 1875; Morton, 1980, 
1981, 1985a, 1995). Today, however, as with the 
watering pot shells discussed herein, and 
generally in the Anomalodesmata as a whole, 
both pholadomyoid families are represented by 
but one or two genera and these often by but 
one or two species. The adaptive radiation of 
the Anomalodesmata, therefore, is remarkable 
and is nowhere better illustrated than in the 
extraordinary pattern of convergent evolution 
expressed by the Clavagellidae and 
Penicillidae. 

8. It is, however, clear that the endobenthic 
lifestyle has not been a successful evolutionary 
development in the Clavagellidae, only 
Stirpulina ramosa surviving to the present day 
but leaving behind a rich array of such 
Mesozoic watering pot fossils virtually 
worldwide. Conversely, however, there are few 
fossils of the endobenthic Caenozoic 
Penicillidae, but these watering pot shells have 
radiated and evolved in the Indo-West Pacific 
into some of the most amazing bivalves ever 
seen. This raises the question of: why did 
endobenthic clavagellids fail, but their 
penicillid counterparts survive? 

9. Finally, however, the remarkable example of 
convergent evolution described herein for the 
Clavagellidae and Penicillidae is matched by 
another example between these two families 
and unrelated representatives of the 
Gastrochaenidae that also possess boring 
( Gastrochaena ), crypt- ( Cucurbitula ) and tube¬ 
dwelling ( Eufistulana ) representatives. 
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APPENDIX 

Abbreviations used in the figures 


AA 

Anterior adductor muscle (or scar) 

PE 

Periostracum 

AC 

Anterior crest 

PEC 

Pericardium 

AGI 

Anterior growth increment 

PEP 

Perforate watering pot 

APR 

Anterior pedal retractor muscle 

PG 

Pedal gape 

ASM 

Anterior suspensory muscle 

PL 

Pallial line 

AT 

Anterior tubules 

PM 

Proprioreceptor muscle 

AU 

Auricle (of heart) 

PPR? 

Posterior pedal retractor muscle 

C 

Chondrophore 

PR 

Prodissoconch 

■CONN 

Cerebro-pleural-visceral connective 

PRG 

Proprioreceptor ganglion 

CR 

Crypt ' 

PRL 

Primary ligament 

CT 

Crown of tubules 

PRM 

Pallial retractor muscle 

CTE 

Ctenidia 

PRM1 

Pallial retractor muscle (component 1) 

DD 

Digestive diverticula 

PRM2 

Pallial retractor muscle (papillate 

DE 

Debris 


component 2) 

DP 

Disc papilla 

PS 

Pallial sinus 

EAT 

End of primary adventitious tube 

PSS 

Proprioreceptor sensory sac 

ES 

Exhalant siphon 

PWP 

Primary watering pot 

ESWP 

Posterior extension of secondary 

R 

Rectum 


watering pot 

RAT 

Right anterior tubules 

EU 

Eroded umbo 

RE 

Repair in adventitious tube 

FP 

Fused periostracum 

RV 

Right shell valve 

FPA 

Fourth pallial aperture 

S 

Siphons 

H 

Heart 

SA 

Saddle area of shell valve 

HP 

Hinge plate 

SAG 

Sand grains 

HT? 

Hinge tooth 

SBC 

Supra-branchial chamber 

IBC 

Infra-branchial chamber 

SC 

Siphonal channel 

IGI 

Internal growth increment 

SRM 

Siphonal retractor muscles 

IS 

Inhalant siphon 

STG 

Subsequent tube growth 

K 

Kidney 

SV 

Shell valve 

LI 

Lithodesma 

SWP 

Secondary watering pot 

LP 

Lateral papilla 

T 

Adventitious tube 

LR 

Lateral ridge 

TJ 

Triple junction 

LV 

Left shell valve 

TU 

Watering pot tubules 

M 

Mantle 

U 

Umbo 

MM 

Mantle margin 

UBW 

Unlined burrow wall 

NL 

Nacreous layer of shell 

V 

Ventricle 

OLP 

Outer labial palp 

VM 

Ventral mantle 

PA 

Posterior adductor muscle (or scar) 

VT 

Ventral tubules 

PC 

Posterior crest 

WF 

Wood fibres 
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Abstract — This paper presents an analysis of Aboriginal rock engravings in 
the far southwestern corner of Western Australia that were first described by 
Clarke in 1983, the Kvbra Site. Comprising engravings of predominantly 
animal tracks, particularly bird tracks, on flat tabular limestone pavements, 
the site appeared to extend the known range of a group of rock engravings 
known as the 1'anaramitee. Engraving sites of this tradition ate widely 
distributed across Australia, and the Panaramitee has been represented as 
homogeneous at a continental level. A multivariate investigation using 
correspondence analysis and cluster analysis was undertaken comparing the 
Kybra Site with other engraving sites in Western Australia and elsewhere. 
The aim was to determine whether the Kybra Site showed similarities with 
other Panaramitee engraving sites, and whether an explanatory framework, 
known as the Discontinuous Dreaming Network Model, could account tor 
any similarities or differences identified. 1 found that the Western Australian 
sites are more different to each other than they are to other sites in eastern 
Australia, and reveal similarities with engravings in Cape York Peninsula, 
the Carpentaria region and central western Queensland, I his finding fits well 
with the tenets of the Discontinuous Dreaming Network Model, which holds 
that the similarities between engraving sites across vast distances of Australia 
reflect the widespread links forged by Dreaming tracks and suggested by the 
trade and other social networks that sometimes spanned the continent. 


INTRODUCTION 

A major problem in the study of rock art around 
the world is the measurement and explanation ot 
variation and similarities in paintings and 
engravings, sometimes over considerable distances. 
What is the significance of the variation detected, 
and how does one compare different sites? 
Multivariate analysis of different traits, particularly 
motif types, affords the ability to compare disparate 
sites over vast distances, The significance of any 
variability detected by multivariate analysis can 
then be explored. 

Franklin (2004) proposed the Discontinuous 
Dreaming Network Model to explain the 
widespread similarities across the continent of a 
group of rock engravings known as the 
"Panaramitee style" (Maynard, 1979), and was 
supported by multivariate analysis (Franklin, 2004, 
see below). Named after the tv pc situ in South 
Australia, the Panaramitee style consists of pecked 
engravings of macropod and bird tracks, human 
footprints, circles, dots, crescents, spirals, radiate 
designs and only a small proportion of figurative 
motifs other than tracks. This style was claimed to 
be homogeneous at a continental level in terms of 
technique, form and motif proportions (Maynard, 
1979). The Discontinuous Dreaming Network 


Model suggested that the similarities between 
engraving sites across vast distances of Australia 
reflected the widespread links forged by Dreaming 
tracks and suggested by the trade and other social 
networks that sometimes spanned the continent. 
Dreaming tracks have been regarded as particularly 
significant in Aboriginal cosmology and land 
ownership (e.g. Chatwin, 1987; David, 2002; Elkin, 
1934; Gunn, 1997, 2003; Layton, 1992; Morphv, 1983; 
Moyle, 1983; Munn, 1973; Spencer and Gillen, 1938; 
Strehlow, 1978; Sutton, 1988, 1990), Dreaming tracks 
reflect the activities of the I) ream time ancestors 
during the creative era as they emerged from the 
earth and travelled across the country along lengthy’ 
tracks or circled within more narrowly defined 
regions. Dreaming tracks sometimes covered 
considerable distances across the continent (e.g. 
Sutton, 1990), frequently extending across group 
boundaries, facilitating meetings between local 
groups and travelling groups for gift exchange and 
rituals associated with the myth relevant to the 
track. The use of similar motifs across vast areas at 
sites related to particular Dreamings is well 
documented (e.g. Ross* 1997), and suggested that 
the shared understanding of motif forms provided 
a means tor negotiating the rights and obligations 
of travellers along the tracks. The repetition of 
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Figure 1 Map of Western Australia showing engraving sites mentioned in the text, and the location of other major 
rock art sites and regions in the State (after Franklin 2004: Fig. 3:9). 


motifs between regions implied a shared 
knowledge that assured travellers of their right to 
move through the territory and which established 
an affilial relationship between the owners and the 
travellers. It is therefore not surprising that 
Dreaming tracks also frequently correlated with the 
trade routes documented in recent times (Ross, 
1997), suggesting that both formed a means for the 
interaction of people across the landscape, and for 
the diffusion of similar motifs across vast areas. 

The use of nonfigurative motifs (such as those 


found in the Panaramitee) in symbolic systems also 
helps to explain the persistence of the overall pattern 
of similarity between engraving sites identified in 
the multivariate analyses over possibly a prolonged 
period of time based on available chronological 
evidence (e.g. a minimum age of 13,000 years 
obtained for buried engravings at the Early Man site 
in the Laura region, Rosenfeld, 1981a) and the 
continued use of Panaramitee-type motifs in recent 
Aboriginal artistic systems (e.g. Anderson and 
Dussart, 1988). The potential for nonfigurative motifs 
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Figure 2 Examples of the rock engravings at the Kybra Site, southwestern Australia (after polythene tracings, Franklin, 
2004: Fig. 3:10). 


to have a range of different discontinuous meanings, 
ie., there may be a range of different meanings for a 
single motif (Munn, 1966), suggests it is possible that 
the meanings of motifs might have changed over 
time, while the morphology of the motifs might not. 
This possibility is allowed for by the extreme 
simplicity of motifs in the Panaramitee. 

In 1983, J. Clarke reported rock engravings in the 
far southwestern corner of Western Australia 
(Department of Indigenous Affairs, Site No. SI 786; 
Clarke, 1983; Figure 1), the Kybra site. Recorded 


rock art sites are relatively sparse in this part of 
Australia (Dortch, 1976, 1980; Haiiam, 1971, 1972; 
Merrilees et ai, 1973; Morse, 1984; Serventy, 1952; 
Webb and Gunn, 2004), and Kybra is one of the few 
rock engraving sites currently known. There are 
also few references to the forms of artistic 
expression at the time of European contact in this 
part of the continent (Caroline Bird, pers. comm.). 
Even so, there appears to have been a substantial 
body of mythology (Berndt, 1973; Haiiam, 1972, 
1974a,b, 1979), and ochre was traded into the 
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Table 1 Percentages of motifs at two of the Panaramitee tradition sites in Western Australia (after Franklin 2004: 
Table 3:3) 
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Kybra Site 

21 

47 

0 

11 

4 

12 

3 

0 

1 

1 

75 

Edah 

6 

4 

1 

6 

1 

0 

33 

22 

27 

0 

72 


Table 2 Panaramitee sites included in the analyses, their abbreviations in Figures 4 and 5, and the source of the data. 
Unless otherwise stated, data are derived from tables of motif counts from each source. 


Site 


Abbrev. 


Source/Form of Data 


South Australia 


Flinders Rangers 

FR 

Preiss (1962) 

Fiorina 

F 

Nobbs (1984) 

Karol ta 1 

K1 

Karol ta 2 

K2 

Mt. Victor 

MV 

Oulnina 

O 

Rockholes 

R 

Gale (pers. comm.) 

Rowes Dam 

RD 

Nobbs (1984) 

Salt Creek 

SC 

Gale (pers. comm.) 

Tattawuppa 

T 

Nobbs (1984) 

Wharton Hill 

WH 

Gale (pers. comm.) 

Winnininnie 1 

Wil 

Nobbs (1984) 

Winnininnie 2 

Wi2 

Yunta 

Y 

Yunta Springs 

YS 

Western New South Wales 

Sturt's Meadows 

SM 

Clegg (pers. comm.) 

Northern Territory 

N'Dhala Gorge 

NG 

Forbes (pers. comm.) 

McArthur River 

MR 

Haglund (1975, pers. comm.) - drawing of engraved panel from 
photographic montage 

Tasmania 

Greens Creek 

GC 

Stockton (1977) - tracings of engravings, checked during personal fieldwork 

Mt. Cameron West 

MCW 

McCarthy (1969) - tracings of engravings, list of motifs 

Sundown Point 

SP 

Gunn (1.981) - list of motifs, table of counts, sketch plan of site 
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Site 

Abbrev. 

Source/Form of Data 

Queensland - Cape York 

Early Man 

1 At 

Rosenfeld (1981b) - tracings of engraved panels 

Early Man Shelter C 

INK 

Rosen fold (1981b) 

Early. Man Shelter H 

EMIT 

Emu Dreaming 

ED 

Trezise unpublished scaled illustrations, Australian Institute of Aboriginal and 
Torres Strait Islander Studies, Canberra - all recordings checked during 

personal fieldwork 

Death Adder Gallery 

DA 

Laura River 

LR 

Possum Gallery 

PG 

Green Ant 

GA 

Flood (pers. comm.) 

Echidna Shelter 

ES 

Queensland - Mt. Isa region 

Browns Creek 

BC 

Personal fieldwork 

Carbine Creek 

cc 

Morwood (1985) 

Einasleigh 

F 

Ron Edwards (1967) - drawing of engraved panel 

Frank Creek 

PC 

Persona 1 fiel d work 

Southeast Queensland 

Bundaberg 

B 

Rol a - Wojciecho w ski (1983) 

Gatton 

G 

Quinnell (1972) - tracing of engraved panel 

Central Western Queensland 

Buck land Creek 1 

BC1 

Morwood (1979) 

Bull Hole 

BH 

Dooloogarah 2 

D2 

Goat Rock 1 

GR1 

Goat Rock 2 

GR2 

Morven 

M 

Native Well 1 

NW1 

Native Well 2 

NW2 


Ochre Site 1 

Ol 


Paddy's Cave 

PC 


Plateau 1 

PI 


Twelve Mile Crossing 

12MC 

Weir f 

W4 


Western Australia 

Ed ah 

Ed 

Pe r son a 1 fiel d w o r k 

Kybra Site 

K 



southwest possibly from as far afield as VVilgte Mia 
in the Murchison district (McCarthy, 1939; Meagher 
and Ride, 1979). Classes of cultural expression other 
than art must have been used in boundary 
maintenance, as a large number of Aboriginal 


groups are attested in this resource-rich area west 
of the limit of circumcision (Anderson, 1984; 
Berndt, 1973; Tindale, 1974). 

The engravings at the Kybra Site occurred on a 
series of flat tabular limestone pavements in a 
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cleared and fenced paddock on private land 3 km 
from the Southern Ocean. They extended over an 
area approximately 75 m north to south and 25 m 
east to west, and included about 25 limestone 
blocks. The site comprised over 100 engravings, 
mostly bird and macropod tracks, although a star 
motif, single meandering lines (possibly snake or 
lizard tracks), and several boomerang-shaped 
outlines were also found. The animal track 
engravings were usually somewhat larger than life- 
size. Large bird track engravings, presumably the 
prints of emus, were the most common motifs. 
Smaller bird tracks, perhaps of bustards and 
unidentified wading types, were the next most 
numerous. There was also a number of macropod 
track engravings, which included both hind and 
fore prints (Clarke, 1983: Figure 1). 

Along with engravings at Yalgoo (Edah Station) 
and Yeelirrie, 420 and 680 km respectively north 
and northeast of Perth, Clarke (1983) noted that the 
Kybra Site appeared to extend the known range of 
Panaramitee style engravings (Maynard, 1979). 


This paper re-examines the Kybra site in a 
broader context. In particular, it provides a more 
detailed comparison of the site with Panaramitee 
engravings from other sites across the continent 
than was undertaken by Clarke in 1983. The 
following questions will be addressed in this paper: 

• Does the Kybra Site show similarities with other 
Panaramitee style engraving sites? 

• Can the Discontinuous Dreaming Network 
Model be used to explain any similarities or 
differences identified between the Kybra sites 
and Panaramitee sites from other parts of the 
continent? 

A comparative analysis of the Kybra site 

The Panaramitee style has been represented as 
homogeneous at a continental level in terms of 
technique (pecked engravings), form (bands, thick 
outlines and solid figures) and motif proportions 
(see above). By contrast, two other defined sets of 
Australian rock art styles in a sequence defined by 



Figure 3 Map of Australia showing the Panaramitee tradition sites and regions analysed in this paper. 
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Figure 4 Correspondence analysis of Panaramitee tradition sites analysed in this paper, showing the second and third 
axes which account for 36.07% of the total variation. See I able 2 for site abbreviations. 
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Table 3 Percentages of motifs at the Panaramitee tradition sites analysed in this paper (rounded to whole numbers). 

For site abbreviations, see Table 2. NB complex circles could not be determined for the central western 
Queensland sites (BC1 - W1 inclusive). 


Motifs 


Total 

No. 


Site 

n 

T 

* 

* 

w 

If 

m 


/// 

rr ! "n 

o 


r 

* 

Other 

figurati’ 


FR 

i 

12 

0 

0 

0 

1 

0 

0 

73 

1 

12 

0 

0 

127 

F 

16 

10 

3 

3 

12 

3 

4 

0 

40 

0 

8 

0 

1 

497 

K1 

15 

16 

2 

0 

19 

0 

5 

0 

38 

2 

3 

0 

0 

1,579 

K2 

12 

10 

0 

0 

42 

0 

0 

0 

20 

5 

10 

0 

1 

94 

MV 

41 

6 

0 

0 

0 

0 

0 

0 

35 

0 

18 

0 

0 

17 

O 

0 

15 

4 

0 

0 

0 

0 

0 

81 

0 

0 

0 

0 

26 

R 

41 

17 

4 

1 

9 

0 

1 

1 

17 

4 

4 

0 

1 

5,857 

RD 

31 

13 

4 

1 

10 

0 

1 

0 

35 

1 

4 

0 

0 

442 

SC 

33 

17 

2 

1 

7 

1 

0 

0 

26 

6 

6 

0 

1 

2,471 

T 

22 

9 

3 

0 

6 

0 

1 

0 

43 

14 

2 

0 

0 

236 

WH 

40 

24 

4 

1 

6 

0 

2 

1 

14 

4 

4 

0 

0 

2,246 

Wil 

20 

16 

1 

2 

6 

1 

9 

0 

40 

1 

4 

0 

0 

925 

Wi2 

22 

6 

0 

0 

37 

1 

12 

0 

12 

1 

9 

0 

0 

147 

Y 

15 

14 

1 

1 

29 

1 

2 

0 

22 

4 

11 

0 

0 

396 

YS 

28 

13 

4 

1 

21 

0 

9 

1 

20 

0 

3 

0 

0 

1,069 

SM 

28 

27 

2 

3 

32 

1 

1 

1 

2 

0 

3 

0 

0 

13,901 

NG 

17 

13 

1 

0 

28 

8 

0 

2 

7 

12 

4 

6 

2 

5,462 

GC 

0 

0 

0 

0 

0 

0 

0 

1 

96 

3 

0 

0 

0 

66 

MCW 

0 

2 

0 

0 

16 

2 

9 

1 

44 

22 

4 

0 

0 

404 

SP 

0 

0 

0 

0 

32 

0 

13 

2 

34 

17 

2 

0 

0 

250 

K 

21 

47 

0 

0 

11 

0 

4 

12 

3 

0 

1 

1 

0 

75 

Ed 

6 

4 

1 

0 

6 

0 

1 

0 

33 

22 

27 

0 

0 

72 

BC 

27 

7 

0 

0 

51 

1 

3 

2 

2 

3 

2 

1 

1 

359 

CC 

2 

13 

0 

2 

7 

11 

8 

2 

13 

28 

9 

2 

3 

707 

E 

0 

11 

0 

0 

8 

2 

8 

0 

28 

30 

5 

7 

1 

133 

FC 

2 

3 

0 

0 

9 

2 

7 

2 

22 

39 

12 

1 

1 

467 

MR 

0 

3 

0 

0 

12 

8 

24 

6 

6 

38 

3 

0 

0 

87 

B 

0 

2 

0 

1 

13 

2 

7 

3 

62 

8 

1 

0 

1 

1,283 

G 

0 

6 

0 

0 

69 

1 

13 

2 

2 

2 

5 

0 

0 

403 

BC1 

22 

13 

6 

20 

1 

3 

3 

0 

2 

0 

24 

0 

6 

105 

BH 

5 

41 

9 

5 

4 

3 

2 

0 

1.5 

0 

16 

0 

0 

195 

D2 

1 

3 

0 

6 

0 

0 

0 

0 

0 

0 

0 

0 

90 

143 

GR1 

13 

15 

10 

8 

0 

1 

3 

0 

0 

0 

1 

0 

49 

417 

GR2 

13 

58 

7 

3 

2 

0 

1 

1 

0 

0 

0 

0 

15 

93 

M 

65 

22 

0 

0 

0 

0 

3 

1 

3 

0 

3 

3 

0 

148 

NW1 

1 

6 

0 

1 

1 

0 

7 

0 

1 

0 

0 

0 

83 

392 

NW2 

5 

1 

0 

0 

0 

0 

12 

0 

t) 

0 

0 

0 

82 

137 

01 

25 

35 

2 

3 

0 

0 

10 

3 

1 

0 

4 

1 

16 

285 

PC 

5 

29 

3 

3 

0 

0 

19 

3 

0 

0 

3 

1 

34 

237 

pi 

9 

24 

0 

2 

2 

1 

1 

0 

2 

0 

39 

0 

20 

172 

12MC 

19 

17 

17 

9 

6 

5 

1 

0 

9 

0 

15 

0 

2 

168 

VV1 

10 

21 

12 

14 

6 

2 

2 

0 

2 

0 

18 

0 

13 

297 

DA 

0 

19 

0 

0 

58 

5 

11 

3 

0 

1 

3 

0 

0 

64 

EM 

3 

30 

0 

0 

20 

20 

14 

2 

2 

2 

5 

2 

0 

120 

EMC 

2 

31 

0 

t) 

21 

5 

18 

8 

0 

2 

5 

8 

0 

39 

EMH 

5 

67 

0 

0 

5 

14 

0 

9 

0 

0 

0 

0 

0 

21 

ES 

9 

17 

1 

1 

64 

0 

0 

0 

0 

0 

1 

0 

7 

171 

ED 

0 

14 

0 

0 

79 

1 

1 

1 

1 

0 

2 

1 

0 

285 

GA 

9 

3 

3 

2 

50 

6 

3 

1 

13 

8 

1 

0 

1 

119 

LR 

36 

17 

22 

6 

1 

0 

0 

0 

1 

0 

1 

0 

16 

88 

PG 

2 

10 

0 

0 

71 

4 

6 

2 

0 

3 

0 

2 

0 

67 

















Engravings of the Kybra Site 


73 


Maynard (1979), the Simple Figurative and 
Complex Figurative, are more variable and spatially 
restricted (Maynard, 1979: Figure 4-1), and have 
also been argued to be more recent than the 
Panara mi tee. Maynard (1979) stated that 
Panaramitee style engravings reveal a pan- 
continental distribution, being found in South 
Australia, central Australia, western New South 
Wales, at Ingaladdi (Yingalarri) in the Northern 
Territory, in the Laura area of Cape York Peninsula, 
the Mt. Isa region of northwestern Queensland and 
in Tasmania (Maynard, 1979: Figure 4-1). 

The most significant feature of the sites in South 
Australia, central Australia and western New South 
Wales (referred to as the "classic sites") is a 
constancy in the relative proportions of motifs, 
where the combined totals of tracks and circles 
mainly comprised between about 83% and 88% of 
the total motifs, with other motifs only comprising 
between about 11% and 17%. Figurative motifs 
other than tracks were extremely rare at these sites, 
constituting 0.5% or less of the total, with lizards 
being the most common types (Edwards, 1966, 1971; 
Maynard, 1979). However, pecked engravings of 
tracks and non figurative motifs found in other 
regions of Australia (e.g. Laura and Tasmania) do 
not reveal this constancy of motif proportions. 
Maynard observed that this was because the smaller 
number of engravings at the latter sites meant that 
not enough figures were accumulated to result in 
the motif proportions found at the widely 
distributed classic sites. However, since these 
peripheral sites displayed identical techniques, 
forms and range of motifs, they too w r ere included 
in the Panaramitee (Maynard, 1979). Although not 
described at the time of her research, the Kybra Site 
appears to conform to one of Maynard's peripheral 
Panaramitee sites, as sample size is small. 

It should be noted that the concept of the 
Panaramitee as a style has been debated (e.g. 
Bednarik, 1988, 1994, 1995; Maynard, 1988; 
Rosenfeld, 1991; see also Franklin, 2007). Flood 
(1997) prefers to use the term "tradition" to describe 
the Panaramitee, as it "...implies culture contact 
and continuity but not necessarily close similarity 
or uniformity" (p. 179). Use of this term is 
appropriate, as it covers "...long-term continuity in 
either individual technologies or attributes" and "a 
temporally ordered series of archaeological phases 
or cultures that show cultural similarities to each 
other" (Bahn, 2001: 452). This concept of "tradition" 
also parallels the use of the term to describe 
Australian stone tool technologies (e.g. the Core 
Tool and Scraper Tradition). "Tradition" is more 
appropriate than the term "style", as the latter term 
refers to "...a highly specific and characteristic 
manner of doing something..." which is "...always 
peculiar to a specific time and place..." (Sackett, 
1977: 370), and in the case of the engraving sites 


analysed in this paper, there is probably 
chronological and spatial variation. 

Like Flood (1997), 1 also prefer to retain the term 
'Tanaramitee" for this tradition of rock art, as many 
Australian rock art researchers and archaeologists 
have found it a useful term (e.g. Clegg, 1988, 1992; 
David, 1988; David and Chant, 1995; Franklin, 1984, 
1986, 1989, 1991, 2004, 2007; McDonald, 1982, 1983, 
1988; Morwood, 1979, 1984, 1988, 2002; Smith, 
1992). It follows the standard archaeological 
practice of labelling a tradition or culture after a 
type-site which contains an extensive and typical 
example of the material in question (e.g. the 
Mousterian after the type-site of Le Moustier). 

However, it should be made clear that the label 
Panaramitee only refers to the manifestation of the 
tradition within Australia (see also Flood, 1997). As 
Bednarik (1995) has shown, some of the rock art of 
other continents also resembles the Panaramitee. 
This observation is made dear by the results of the 
blind test undertaken by Bednarik (1995), whereby 
eight rock art specialists were sent copies of 
unlabelled drawings of engravings and asked to 
identify where they came from. Although the 
engravings were all from North and South America, 
Africa and Europe, and the score of wrong answers 
w r as 98%, there was nevertheless internal 
consistency in the answers provided by the 
specialists, who identified the engravings as being 
from particular sites in Australia. The results of 
Bednarik's test therefore tend to confirm the 
widespread similarities of this form of rock art 
within Australia, and in no way negate the use of 
the term Panaramitee tradition within Australia, 
even though there may be world-wide 
resemblances. 

Seventy-five engraved motifs were counted at the 
Kybra Site during fieldwork undertaken by the 
author and others in December 1987 (Table 1; 
Figure 2). As noted above, Clarke (1983) referred to 
over 100 motifs at the site, a discrepancy that may 
be due to increased grass coverage over time, as 
pasture plants have grown over many of the tabular 
limestone blocks that make up the site and obscured 
engravings in many cases. Other possible reasons 
for the discrepancy may he that there were 
differences in the ways in which motifs were 
counted, or that Clarke only made a rough estimate 
of the number of engravings at the site. 

The Kybra Site is dominated by engraved tracks, 
which constitute 68% of the motif assemblage, of 
which bird tracks are the most common at 47% 
(Table 1). Non figurative motifs are also very 
frequent, comprising 32% of the assemblage. 
However, circles are quite rare at the site, 
constituting only 3% of the total motifs. The 
combined total of tracks and circles at the Kybra 
Site is therefore only 71%, less than the combined 
totals noted by Edwards (1966, 1971) and Maynard 
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(1979) for the classic Panaramitee sites (see above). 

The following comparison will consider, first, the 
other Western Australian sites mentioned by Clarke 
(1983), and secondly, Panaramitee tradition 
engraving sites from across the continent. Rock 
engravings on Edah Station (Department of 
Indigenous Affairs, Site No. 5910) are located in the 
Murchison district near the township of Yalgoo 
(Figure 1). The engravings occur towards the base 
of a large, low granite outcrop, on a sloped surface 
immediately above a soak. Given the extensive size 
of the outcrop, the engravings only cover a small 
area, measuring 4.6 m by 2.4 m at the maximum 
extent of the panel. However, the engravings must 
have once been more extensive, since the top layers 
of granite are exfoliating, so that any engravings 
originally occurring may have been removed 
(Franklin, 2004). 

There are 72 motifs at this site (Table 1). These 
stand out fairly clearly as white grooves against the 
orange-red rock surface (Franklin, 2004: Plates 13C 
and 14A). The majority of motifs are simple circles 
(33% of the total) and complex circles (22%, 
comprising circles with dotted infill, bisecting lines 
and central dots, as well as concentric, barred and 
conjoined circles). Crescents also form a significant 
proportion of the total (27%), while all other motifs 
- macropod and bird tracks, human footprints, pits 
and straight lines - only constitute small 
percentages. The pattern of motif frequency is 
therefore quite different to that found at the Kybra 
Site, in terms of a much larger proportion of circles 
of different kinds at Edah, and a smaller proportion 
of animal tracks. 

On Yeelirrie Station, a series of about 20-30 rock 
engravings occur on exposed granite outcrops in 
the dry bed of a creek (Department of Indigenous 
Affairs, Site No. 10746; Department of Aboriginal 
Sites 1978; Figure 1). The motifs are deeply pecked 
and abraded, with the peck marks being up to a 
centimetre or more in depth. They are very heavily 
patinated. The range of motifs includes macropod 
and bird tracks (some within circles), two parallel 
lines of dots, circles, a human footprint and possibly 
a human stick figure. The macropod tracks include 
front and hind feet as well as tail-prints. This range 
of motifs fits more comfortably with that observed 
at the Kybra Site than do the engravings at Edah. A 
detailed count of motif types is not available for the 
engravings at Yeelirrie. 

Franklin (2004, 2007) carried out a detailed 
multivariate investigation of 51 Panaramitee 
tradition engraving sites across Australia (Table 2, 
Figure 3), using correspondence analysis and 
cluster analysis of motif counts. Both the Kybra Site 
and Edah were included in the sample of sites 
investigated. The analyses compared sites in terms 
of a master typology of some 13 motif types that 
was established in order to provide a basis for 


comparison. Counts were derived from both 
published and unpublished sources as well as 
original data (Tables 2 and 3). Both the Kybra Site 
and Edah only contain 8 of the 13 motif types 
(Tables 1 and 3; see Franklin, 2004, 2007 for further 
detail on the methods employed here). 

The results indicated that there was inter-regional 
variation in terms of differing emphases on motifs 
or combinations of motifs within an overall 
restricted range across the continent (Figures 4 and 
5). Five major groups were identified in the 
analyses (Figures 4 and 5; see also Franklin 2004: 
Figs. 3:12 and 3:14), indicating a high degree of 
regionality and resulting in the definition of five 
rock engraving regions, labelled Central, Cape York 
Peninsula, Carpentaria, Tasmania and Central 
Western Queensland (Table 4). 

However, it was also found that some sites were 
similar to more than one of the regions isolated in 
the multivariate analyses. The Kybra Site was one 
of these, showing similarities with sites in both the 
Cape York Region and Central Western Queensland 
regions (Figures 4 and 5, Table 4). These included a 
similar dominance of bird tracks in the case of the 
former region, plus similar proportions of pits and 
complex lines, and in the case of Central Western 
Queensland, a similar emphasis on both macropod 
and bird tracks. 

By contrast, the site on Edah Station grouped with 
those of the Carpentaria Region (comprising sites 
from Mt. Isa, Einasleigh and the McArthur River, 
see Figures 3-5) due to a shared emphasis on simple 
and complex circles and a decreased proportion of 
animal tracks (Table 3). 

The multivariate analyses therefore found that 
both the Kybra Site and Edah grouped with 
engraving sites on the other side of the continent 
(Figures 4 and 5). They did not group with each 
other, as might be expected due to their much closer 
geographic proximity. This result confirmed the 
widespread similarity of the rock engraving sites 
that have been referred to the Panaramitee 
tradition, and that were included in the multivariate 
investigation (Franklin, 2004, 2007). 

These findings fit well with the widespread 
contacts forged by Dreaming tracks that are 
predicted by the Discontinuous Dreaming Network 
Model (Franklin, 2004, 2007, see above), and 
suggested by the trade and other social networks 
that sometimes spanned the continent. The 
regionality identified in the multivariate analyses 
can be explained in terms of the deployment of 
motifs that are relevant to the particular parts of 
Dreaming tracks on which people reside or to 
which they own the ceremonial rights. The links 
between rock engraving sites and Dreaming tracks 
envisaged in the Model are also supported in 
Western Australia by some mythological details 
that are available for one of the engraving sites 
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Table 4 Regional groups of Panaramitee tradition sites identified in the multivariate analyses. The sites in italics show 
similarities with the Regional group indicated, although they are distant geographically, indicating the 
widespread nature of the similarities between the engraving sites analysed in this paper. 


Name of Region 

Sites 

General Description 

Dominant Motifs 

Central * 

Cc ' 

D 

All South and 
central Australian 
sites 

Single motifs do not tend to dominate 
sites to such an extent as is the case in 
other Regions; sites have smaller 
proportions of a range of motifs. 
Characteristic motifs are all kinds of 
tracks (but esp. macropod and bird), 
dots, simple circles, some complex 
circles, simple lines and crescents 

4, 4 \, 

o r 

Cape York 

W 

Early Man 

Early Man C & 11 
Emu Dreaming 
Possum Gallery 
Death Adder 

Green Ant 

Echidna Shelter 
Gatton 

Many sites emphasise pits; mazes, 
and simple, complex and radiating 
lines are also common. Macropod 
tracks are rare, although bird tracks 
may be quite common at some sites. 
Other tracks virtually do not occur. 

All circles are infrequent. 

st A 

Carpentaria ^ 

Y-'-xy 

V 

Frank Creek 

Carbine Creek 
McArthur River 
Einasleigh 

Edah 

Marked emphasis on complex circles, 
and to a lesser extent simple circles; 
radiating lines and mazes at most 
sites; tracks not common, but of them 
bird tracks are most frequent. 

(§) A 

Tasmania 

' ‘'~s/ 

Mt. Cameron West 
Sundown Point 
Greens Creek 

Circles dominate, simple circles being 
more common than complex circles. 
Dots and simple lines are also quite 
common. All other motifs are 
infrequent or currently unknown. 

0 

Central Western 
Queensland 

wo 

V 

Bull Hole; Morven 
Weir 1, Twelve 

Miles Crossing; 

Goat Rock 1 & 2 
Buckland Creek I 
Ochre Site 1; Native 
Well 1 & 2 Plateau 

1; Paddy's Cave; 
Dooloogarah 2 

Tracks of all kinds are common. 
Human footprints and "other" tracks 
are more common here than 
anywhere else. Crescents are also 
common; circles are not. Marked 
emphasis on vulvas at some sites. 

f t 

» 


discussed in this paper, Yeelirrie (Figure 1), where 
an Aboriginal . informant indicated their 
manufacture by the Wad Kutjara Dreaming beings 
( 1 indale, 1936) and related the account of their 
journey along the edge of the creek at the site 
(Department of Aboriginal Sites, Western 
Australian Museum, 1978). 

In relation to the antiquity of the Kybra Site, Clarke 
(1983) found it difficult to explain how the 
engravings could have survived for an extended 
period of time on such a weatherable rock type (algal 


limestone) in such a hostile, high-rainfall area when, 
based on Maynard's (1979) sequence, they should he 
of considerable age (i.e., late Pleistocene). Clarke 
therefore postulated a period of burial beneath dune 
sand, which protected the engravings, and more 
recent re-exposure. However, he subsequently 
argued (Clarke, 1989) that the more recent dates of 
about 1,000 years for Panaramitee tradition 
engravings at Karolta 1 in the CM ary Province of 
South Australia (Dorn et al, 1988; Nobbs and Dorn, 
1988) fit well with a recent origin for the Kybra Site 
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Figure 5 


Cluster analysis of Panaramitee tradition sites analysed in this paper. See Table 2 for site abbreviations. 


(but see Franklin (2004) for a review of the problems 
associated with the cation-ratio dates for Karolta 1). 
Furthermore, a relatively recent date for the 
engravings, the similarities between the site and 
engravings in the Cape York Peninsula Region 
(Figures 4 and 5), and the considerable antiquity for 
some Panaramitee tradition sites, such as Early Man, 
also in Cape York Peninsula (Rosenfeld, 1981a, see 
above), are also consistent with the chronological 
persistence of Panaramitee motif types envisaged in 
the Discontinuous Dreaming Network Model. The 
possible continuation of the Panaramitee tradition 
over a long period of time is allowed for by the 


extreme simplicity of its motif types, whereby the 
"discontinuous" meaning ranges of the motifs are 
able to change over time, while there may not 
necessarily be any change in the morphology of the 
motifs themselves. 

CONCLUSIONS 

This paper has presented a comparison of a series 
of rock engravings from the Kybra Site in far south¬ 
western Australia, originally described by Clarke 
(1983), with other Panaramitee tradition engravings 
found both within Western Australia, and from 
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other parts of the continent (see also Franklin, 2004, 
2007). This comparison has been undertaken with a 
larger sample of sites than was available to Clarke. 
It was found that engravings at the Kybra Site 
grouped with sites from both Cape York Peninsula 
and Central Western Queensland, on the other side 
of the continent. Similarly, rock engravings at Edah 
Station were found to be similar to sites in the 
Carpentaria Region, again at a considerable 
geographic distance. These two engraving sites are 
therefore more different to each other than they are 
to sites widely distributed away from them. It was 
argued that both of these findings were consistent 
with the tenets of the Discontinuous Dreaming 
Network Model (Franklin, 2004,2007). 

I anticipate that the pattern of engraved motifs at 
the Kybra Site will be confirmed by further detailed 
investigations, where planned excavations (R.G. 
Gunn, pers. comm.) are expected to uncover more 
engravings and perhaps settle any inter-recorder 
discrepancies in motif numbers caused by increased 
grass cover over time. 
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Abstract - Leptachirus is described as a new genus of Soleidae for 
Aseraggodes klunzingeri (Weber) and eight new species from fresh or 
brackish water habitats in southern New Guinea and northern Australia 
formerly identified as A. klunzingeri. Leptachirus is differentiated from 
Aseraggodes, all species of which are marine, by its more slender body (depth 
2.7-3.55 in SL), the corner of its jaws exposed on the cheek, usually 3 or 4 
pelvic rays, shorter pelvic fins, each usually with 3 or 4 rays, and different 
pattern of its cephalic lateralis sensory system. The type species, L. alleni, is 
from the Bintung River, New Guinea; L. bensbach, L. kikori, and L. lorentz 
are named for the rivers in New Guinea in which they were collected; L. 
robertsi is from the Ely River in Papua New Guinea; L. darwinensis, very 
similar to L. bensbach , from the East and South Alligator Rivers and the 
Adelaide River of the Northern Territory of Australia; L. polylepis, with a 
high lateral-line scale count of 103-111, from the East, West, and South 
Alligator Rivers and the Mary River; and L. triramus from the Victoria River 
of Northern Territory and the nearby Ord River of Western Australia. The 
last species is the most divergent, having three instead of two branches of the 
lateral line on the ocular side of the head, and the pelvic fin of that side 
attached to the genital papilla. The holotype of L. klunzingeri Weber, 
described from one specimen collected in the mouth of the Merauke River, 
New Guinea, has been lost. Weber's illustration shows a fish with a deeper 
body and broader interorbital space than the other eight species. Additional 
species of Leptachirus might be expected from other rivers of New Guinea 
and northern Australia are better collected. 


INTRODUCTION 

Weber (1908) described Pardachirus klunzingeri 
as a new species of sole from one 105 mm specimen 
collected from brackish water at the mouth of the 
Merauke River on the south coast of New Guinea, 
in what is now the Indonesian province of Papua. 
Unfortunately, the specimen is not extant, but 
Weber provided a very good drawing (reproduced 
as Figure 5). 

The Zoologisch Museum of Amsterdam loaned 
eight specimens (ZMA 109.399, 54.5-81.0 mm SL) 
from freshwater in the Lorentz River of southern 
New Guinea that were identified as Aseraggodes 
klunzingeri by Weber (1913). The mouth of this 
river is 450 km to the northwest of the Merauke 
River along a low marshy coastline, so the 
specimens might be expected to be klunzingeri. 
However, the Lorentz River specimens are a 
different species. 

Recent studies of the genus Aseraggodes by 
Randall and Melendez (1987), Randall (1996, 2002, 
2005), Randall and Bartsch (2005), Randall and Gon 
(2005), Randall and Senou (2007), Randall and 
Bartsch (in press) and Randall and Desoutter (in 


press) have raised the total number of species of the 
genus to 47, making it the largest of the Soleidae, all 
from marine habitats. 

After Pardachirus klunzingeri was reclassified in 
the genus Aseraggodes by Weber (1913), specimens 
identified as klunzingeri have been consistently 
placed in this genus. These specimens are all from 
fresh or brackish water habitats, have a more 
slender body, the posterior end of the jaws exposed 
on the cheek, usually 3 or 4 pelvic rays, shorter 
pelvic fins, and a cephalic lateralis sensory system 
on the blind side characterized by numerous 
temporal commissures of papillae and cirri linking 
the dorsal main branch of the lateral line with the 
cephalodorsal line along the base of the dorsal fin. 
They are reclassified here in a new genus. 

Examination of specimens identified as 
Aseraggodes klunzingeri from rivers on the south 
coast of New Guinea, including Weber's specimens 
from the Lorentz River, and northern Australia has 
revealed eight new species in a new genus, which 
are described in the present paper. 

Specimens of the new genus are lacking from 
many rivers and estuarine areas of New Guinea 
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(including none from the north coast) and northern 
Australia. There is an obvious need for more 
collecting and systematic research on the genus. It 
is recommended that tissue samples be taken of 
new material so that molecular analyses are 
possible. 

MATERIALS AND METHODS 

Type specimens of the new species are variously 
deposited in the Natural History Museum, London 
(BMNH); Bernice P. Bishop Museum, Honolulu 
(BPBM); Museums and Art Galleries of the 
Northern Territory, Darwin (NTM); Queensland 
Museum, Brisbane (QM); Western Australian 
Museum, Perth (WAM); United States National 
Museum of Natural History, Washington, D.C. 
(USNM); Zoologisch Museum, Amsterdam (ZMA); 
and the Museum fur Naturkunde, Humboldt 
Universitat, Berlin (ZMB). 

Specimen lengths in lists of material examined are 
standard length (SL), measured horizontally from 
the front of the upper lip to the base of the caudal 
fin (end of hypural plate). Body depth is the 
maximum distance between the bases of the dorsal 
and anal fins; body width is the maximum thickness 
midlaterally between the ocular and blind surfaces 
(excluding the abdomen). Head length (HL) is 
measured from the front of the upper lip to a 
vertical at the fleshy posterior end of the 
operculum. Eye diameter is the greatest diameter of 
the lower eyeball (the dark part of the eye, not the 
fleshy cutaneous part). Preorbital length is the 
distance from the front edge of the upper eye 
directly forward to the anterior edge of die dorsal 
fin (but not to tips of cirri). Snout length is taken 
from the front of the upper lip to the nearest edge 
of the upper eye. Interorbital width is the vertical 
distance between horizontal lines at the ventral 
edge of the upper eye and the dorsal edge of the 
lower eye. Upper-jaw length is measured on the 
blind side from the front of the upper lip to the rear 
edge of the maxilla (difficult to determine the 
posterior end of the maxilla on the ocular side). 
Caudal-peduncle depth is the least depth, and 
caudal-peduncle length the horizontal distance 
between verticals at the rear base of the anal fin and 
the base of the lowermost caudal ray. Fin rays are 
referred to simply as rays. Lengths of rays of the 
median fins are measured from the base of the ray 
(not where it emerges from the basal scaly sheath) 
in a straight line to the tip. Pelvic-fin length is taken 
from the base of the first ray to the tip of the longest 
ray. 

Tables 1 to 4 provide counts of dorsal rays, anal 
rays, lateral-line scales, and vertebrae, respectively. 
Tables 5-11 are the proportional measurements of 
the new species as percentages of the standard 
length. Measurements as ratios related to standard 


length, body depth, head length, or eye diameter 
(dark part of the eye) in the text are rounded to the 
nearest 0.05. Data in parentheses in the descriptions 
refer to paratypes. 

Lateral-line scales were counted on the ocular 
side from the base of the caudal fin to the point of 
branching of the lateral line on the head, including 
several scales anterior to the upper end of the gill 
opening. Scale counts above and below the lateral 
line are the highest obtained on the ocular side in 
an oblique row between the lateral line and the 
outer edge of the scaly sheath at the base of the 
dorsal and anal fins, respectively. 

Ochiai (1963: Text-fig. 1 A) is followed in the 
terminology of the cephalic lateralis system. His 
count of dorsal pterygiophores anterior to the 
fourth neural spine (third spine of Ochiai who 
overlooked the neural spine of the tiny first 
vertebra) is also recorded for the species here. 

Cyanine Blue 5R (Acid Blue 115) was used to aid 
in the detection of sensory papillae, fine cirri, and 
the cteni of scales (Saruwatari etal. f 1997). 


Family Soleidae 
Leptachirus gen. nov. 

Type species 

Aseraggodes alleni sp. nov. 

Diagnosis 

Dorsal rays 65-78; anal rays 50-59; dorsal and 
anal rays branched except for a variable number 
anteriorly; caudal rays typically 18 (usually 14-16 
branched in adults, and most of these double- 
branched); no pectoral fins; pelvic rays 3 or 4 (rarely 
5); lateral-line scales 73-111 (including those 
extending horizontally onto head to the point of 
branching); lateral line continuing into caudal fin 
along dorsal edge of tenth ray about three-fourths 
distance to fin margin; no gill rakers; abdominal 
vertebrae 9 or 10 (including the first very small 
vertebra, not counted by some authors); total 
vertebrae 36-42; first two dorsal pterygiophores 
joined to a thicker bone termed the erisma and 
counted as one pterygiophore (branched distally to 
support the first two dorsal rays); 7-11 dorsal 
pterygiophores anterior to fourth neural spine; 
body elongate, the depth 2.7 to 3.55 in SL, and very 
compressed; eyes on right side, elevated, separated 
by a narrow scaled space; upper eye in advance of 
lower eye; caudal peduncle usually absent (if 
present, extremely short); scales small and ctenoid; 
a straight lateral line midlaterally on both sides, 
forming two or three branches on ocular side of 
head, the ventral branch following posterior margin 
of preopercle beneath; a thin cephalodorsal sensory 
line on ocular side from front of snout, passing 
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posteriorly below base of dorsal fin, and indistinctly 
onto anterior body (difficult to detect on some 
specimens); lateral line extending with pores into 
caudal fin along dorsal edge of tenth ray (counting 
from dorsal side of fin) about three-fourths distance 
to posterior fin margin; lateral line on blind side 
dividing to two rows of sensory papillae at level of 
posterior edge of preopercle, diverging as they 
continue to front of snout; cephalodorsal line on 
blind side from front of snout, along base of dorsal 
fin, becoming indistinct on body; zone between 
dorsal branch of lateral line on head and 
cephalodorsal branch crossed by 10-20 temporal 
commissures of sensory papillae and cirri; blind 
side of head with a broad mixed zone of papillae 
and cirri ventrally, with a preopercular sensory line 
extending to lateral line at branching point; a 
mandibulo-opercular line submarginally on ventral 
edge of head, curving to upper end of gill opening; 
transverse sensory branches linking ventral part of 
mandibulo-opercular and preopercular lines; a 
sensory line connecting preopercular branch to 
corner of mouth; no prominent pore at base of 
dorsal and anal rays; gill membranes united, free 
from isthmus, the lower part of head scaled over 
from ocular to blind side; mouth ventral and small; 
jaw$ strongly curved; posterior comer of jaws 
visible externally on ocular side; a curved band of 
villiform teeth posteriorly on blind side of jaws, 
broadest centrally (but enveloped in fleshy tissue 
and difficult to detect); two nostrils on each side, 
the anterior of ocular side tubular, in slight 
depression, not longer than its base, and at most 
slightly tapered; edge of basal depression of 
anterior nostril rimmed dorsally by arc of small 
papillae in single row; posterior nostril of ocular 
side a slit in labial groove before lower eye; dorsal 
fin originating anteriorly on snout, the first ray not 
prolonged; caudal fin rounded, not broadly 
connected by membrane to dorsal and anal fins; 
pelvic fins on ventral edge of body, close together 
anteriorly, their origins adjacent or the ocular-side 
slightly anterior; pelvic fins short, not reaching 
posterior to base of second anal ray; anus in fleshy 
protuberance anterior to first anal ray; genital 
papilla small, dorsoposterior to anus; sciatic part of 
urohval forming an angle of about 75-105° to 


Table 1 Dorsal rays of species of l.eptachirus. 


65 66 67 


alleni 1 1 
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horizontal main part of bone, the inner angle 
rou ncied. 

Etymology 

The new generic name is derived from the Greek 
leptos meaning thin and Achirus Lacepede, a genus 
of soles, in reference to the very thin and slender 
body of the species. 

Remarks 

1'schmever's Catalog of Fishes (updated to 7 
November 2006 at web site 11YPERLINK 
(www.calacademy.org/research/ichthyology/ 
cataiog/fishcatsearch.htm 1) listed 28 genera in the 
large flatfish family Soleidae. Monroe in Carpenter 
and Niem (2001) included 17 soleid genera for the 
western central Pacific. Ochiai (1963) recognized the 
subfamily Aseraggodinae for four genera: 
Aseraggodes Kaup, Liachirus Gunther, Pardachirus 
Gunther, and Parachirus Matsubara and Ochiai. 
Randall and Gon (2005) and Randall (2006) placed 
Parachirus in the synonymy of Aseraggodes and 
validated the genera Coryphillus Chabanaud and 
Syndidopus Chabanaud for the subfamily. Ochiai's 
characters for the Aseraggodinae included a slightly 
hooked snout (strongly hooked in the 
Heteromycterinae), caudal fin normally with 18 
rays and not joined to the dorsal and anal fins, no 
pectoral fins, and 9 (actually 10) abdominal 
vertebrae. 

The new genus Leptachirus is most closely related 
to Aseraggodes. It is separated by its more slender 
body, the depth 2.7-3.55 in SL, compared to 2.0-2.8 
in SL for the species of Aseraggodes ; by the more 
complex cephalic lateralis system of the head, in 
particular the temporal commissures of the blind 
side connecting the lateral cephalic branch of the 
main lateral line and the cephalodorsal line; by the 
posterior corner of the jaws visible externally on the 
ocular side (scaled over in Aseraggodes); higher 
average vertebral count (36-42, compared to 33-39 
for Aseraggodes ); shorter pelvic fins, with 3 or 4 
(rarely 5) pelvic rays (versus 5 in Aseraggodes). 

The species of Leptachirus are all from fresh or 
brackish water, in contrast to those of Aseraggodes, 
known only from the sea. Figure 1 is a distribution 
map of the nine species of Leptachirus. 
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Figure 1 Distribution map of the species of Leptachirus. 


^ L. alleni 
^ L. bembach 
A L. darwinensis 
^ L. kikori 
I I L. klunzingeri 
lorentz 
L polylepis 

o L. robertsi 

H L. triramus 


150° 
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Key to the species of Leptachirus 

( L. klunzingeri not included in key due to lack of 
diagnostic information) 

la. Lateral line on ocular side of head divided to 

three branches (one dorsal, one ventral, and 
the other continuing horizontally); ocular- 
side pelvic fin attached to genital papilla; eye 
diameter 4.8-5.5 in HL; lateral-line scales 71- 
84; vertebrae 36-38 (Victoria River, Northern 
Territory and Ord River, Western Australia) 
..... L. triramus 

lb. Lateral line on ocular side of head divided to 

two branches (one ventral and the other 
continuing horizontally); ocular-side pelvic 
fin not attached to genital papilla; eye 
diameter 5.7-8.4 in HL; lateral-line scales 76- 
111; vertebrae 37-42 ...2 

2a. Lateral-line scales 103-111; pelvic rays 4 or 5 
(East Alligator, West Alligator, South 
Alligator, Mary, and Adelaide Rivers, 

Northern Territory)... L. polylepis 

2b. Lateral-line scales 76-96; pelvic rays 3 or 4 .... 3 
3a. Body depth 33.7-37.1% SL; anal rays 50-53; 


membranes of dorsal and anal fins dark 
brown except anteriorly (Bintuni River, New 
Guinea)..... L. alleni 

3b. Body depth 28.8-33.6% SL; anal rays 53-59 
(except kikori and robertsi with 50-57); 
membranes of dorsal and anal fins not dark 
brown (occasional sections of one or two rays 
and adjacent membranes may be dark brown, 
but membranes not entirely dark brown).... 4 

4a. Eyes small, 2.7-3.0% SL; pelvic fins short, 6.4- 
6.9% SL (Bensbach River, Papua New 
Guinea). L. bensbach 

4b. Eyes not small, 3.0-4.1% SL; pelvic fins not 
short, 7.0-8.8% SL (except lorentz with 6.0- 
7.7%).5 

5a. Body depth 28.8-30.8% SL; vertebrae 40-42 
(Lorentz River, New Guinea) . L. lorentz 

5b. Body depth 30.3-33.2% SL; vertebrae 38-41... 6 

6a. Lateral-line scales 90-96; vertebrae 40-41 
(modally 41); (East and South Alligator and 

Adelaide Rivers, Northern Territory). 

... L. darwinensis 

6b. Lateral-line scales 76-88; vertebrae 38-40.7 
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Figure 2 Holotype of Leptachirus alleni sp. nov., WAM P.29959-004, 71.0 mm SL, Bintuni River, New Guinea. 


7a. Head short, the length 4.35-4.7 in SL; length of 
pelvic fins 7.0-8.2% SL; upper-jaw length 6.6- 
7.9% SL (Kikori River, Papua New Guinea).. 
.. L. kikori 

7b. Head not short, the length 4.0-4.25 in SL; 
length of pelvic fins 8.3-8.8% SL; upper-jaw 
length 7.8-8.6% SL; {Fly River, Papua New 
Guinea). L. robertsi 


Leptachirus alleni sp. nov. 

Figure 2; Tables 1-5 

Holotype 

WAM P.29959-004, male, 71.0 mm. New Guinea, 
Indonesia, Papua Province, Bintuni River, small 
mangrove creek lined by nipa palm (2°7'S, 
133°3rB), 0.1-1 m, salinity 10 ppt, rotenone and 
seine, G.R. Allen, 22 March 1989. 

Paratypes 

BPBM 40459, 2: 57.7-76.4 mm; NTM 16247-001, 2: 
68.2-69.3 mm; USNM 387649, 3: 73.3-78.4 mm; 
WAM P.29959-015, 6: 57.0-82.5 mm; ZMB 33742, 2: 
66.6-86.0 mm, all with same data as holotype. 

Diagnosis 

Dorsal rays 65-73; anal rays 50-53; pelvic rays 4; 
lateral-line scales 82-93; lateral line on ocular side 
of head with a ventral branch of 4-6 pores, the 


remaining horizontal anterior part with 5-7 pores; 
vertebrae 37-39; dorsal pterygiophores anterior to 
fourth neural spine 8-9; body depth 2.7-3.0 in SL; 
caudal peduncle absent; head length 4.35-4.65 in 
SL; eyes small, the eye diameter 7.2-8.4 in HL; 
interorbital width 8.1-9.8 in HL; longest dorsal ray 
1.75-1.95 in HL; caudal-fin length 4.0-4.25 in SL; 
pelvic fins not joined to genital papilla, their origins 
adjacent; pelvic fins short, reaching little beyond 
base of first anal ray, 2.8-3.2 in HL; colour of ocular 
side in alcohol grey-brown with scattered dark 
brown spots smaller than eye (most of about pupil 
size) and three longitudinal rows of larger dark 
brown blotches; rays of dorsal and anal fins pale, 
the membranes dark brown (except anteriorly, 
where pale); caudal fin with pale rays and brown 
membranes with darker brown spots or 
longitudinal streaks; a dark brown bar or row of 
dark spots on caudal-fin base. Largest specimen, 
86.0 mm SL. 

Description 

Dorsal rays 73 (65-73), anal rays 53 (50-53), dorsal 
and anal rays branched at tips except anterior rays 
(first 18 dorsal rays and first 3 anal rays of holotype 
unbranched); caudal rays 18, 13 (13-14) branched, 
13 (12-13) of these double-branched; pelvic rays 4, 
none (rarely one) branched; lateral-line scales on 
ocular side 91 (82-93), including 12 (10-12) between 
vertical at upper end of gill opening and ventral 


Table 2 Anal rays of species of Leptachirus. 

50 51 52 53 54 55 56 57 58 59 


alleni 

bensbach 

darwinensis 

kikori 

lorentz 

polylepis 

robertsi 

triramus 


2 4 

2 2 

1 

4 3 


5 5 

1 
1 

4 6 


2 3 

3 2 


1 1 

2 

4 1 

2 1 

2 6 

5 1 

3 2 


2 

1 2 

2 1 

5 2 

1 1 

2 


1 


2 

2 
















Table 3 Lateral-line scales of species of Leptacbirus. 
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bensbach 

darwinensis 

kikori 

lorentz 

polylepis 

robertsi 

triramus 


branch of lateral line on head; pores (actually short 
pored papillae) before ventral branch 4 (2-5); pores 
of ventral branch 5 (4-6); scales above lateral line on 
ocular side about 27, including 1-2 on base of dorsal 
fin; scales below lateral line about 33, including 1-2 
on base of anal fin; vertebrae 10 + 28 (9-10 + 27-29) 
= 38 (37-39); only erisma before tip of second neural 
spine; space between second and third neural 
spines with 6 (4-6) pterygiophores; space between 
third and fourth neural spines with 3 (2-3) 
pterygiophores, hence a total of 9 (8-9) dorsal 
pterygiophores anterior to fourth neural spine. 
Ventroanterior margin of urohyal forming angle of 
about 85° (80-90°), the inner angle moderately to 
strongly rounded. 

Body depth 2.7 (2.7-3.0) in SL; body thin, the 
width 4.75 (4.6-5.05) in body depth; head length 
4.75 (4.5-5.05) in SL; no caudal peduncle; depth of 
caudal-fin base 1.6 (1.55-1.65) in HL; snout not 
overlapping or projecting anterior to lower lip 
when mouth closed; snout length 3.4 (3.4-3.S) in 
HL; preorbital length 3.8 (3.4-3.S) in HL; eyes small, 
the eye diameter 8.1 (7.2-8.4) in HL; least vertical 
interorbital width 8.4 (8.1-9.8) in HL; upper eye 
overlapping one-half (one-third to two-thirds) of 
lower eye; a horizontal line projected anteriorly 
from upper end of gill opening passing about one 
eye diameter below lower eye. 

Mouth inferior, the jaws strongly curved; maxilla 
not reaching a vertical through centre of lower eye, 
the upper-jaw length 3.6 (3.05-3.6) in HL; dense 
curved band of villiform teeth on blind side of both 
jaws; tubular anterior nostril at edge of upper jaw 
in front of dorsal edge of lower eye, not reaching 
cutaneous edge of eye when laid back, only slightly 
longer than diameter of its base, and tapering little; 
posterior nostril an oblique slit in labial groove 
covered by skin anterior to base of lower eye; 
anterior nostril of blind side a strongly tapering 
tubule in a depression above upper lip nearly one- 
half distance to end of upper jaw, its length shorter 
than diameter of its base; posterior nostril of blind 
side a tapering tubule about two-thirds eye 
diameter in length dorsoposterior to anterior 
nostril, the internarial distance equal to cutaneous 
diameter of eye. 

Scales ctenoid on both sides, with 6 to 10 (usually 
8 or 9) prominent cteni extending well beyond scale 
edge; scales on ocular side of snout small, with 
fewer cteni, losing cteni above anterior nostril, 
replaced by zone of short fleshy cirri anterior to 
nostril, some in rows or along low fleshy ridges, 
and becoming nearly smooth at front edge of snout; 
scales on blind side of head becoming fleshy with 
short cteni anteriorly, and replaced by cirri and 
sensory papillae before posterior end of jaws; eyes 
separated by 3 (2-4) rows of scales, with 2-3 rows 
of smaller scales extending onto medial edges of 
eyes; no series of cirri along anterior edge of snout 
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or ventral edge of head; short slender cirri present 
on blind side of snout and ventral side of head 
nearly to edge; a series of about 50 slender cirri 
along opercular edge of gill opening of blind side, 
but none on ocular side except for a few short ones 
ventrally. 

Lateral line straight on both sides along middle of 
body, with a short ventral preopercular branch on 
ocular side of head, the straight anterior part 
projecting toward upper eye; a thin cephalodorsal 
sensory line on ocular side from front of snout, 
passing posteriorly below base of dorsal fin and 
indistinctly onto anterior body; lateral line 
extending with pores into caudal fin about three- 
fourths distance to posterior fin margin; sensory 
pores and cirri on blind side of head as described 
for genus, with about 13 temporal commissures 
linking dorsal branch of main lateral line on head 
with cephalodorsal line along base of dorsal fin. 

Basal sheath erf one or two rows of small scales on 
dorsal and anal fins; base of caudal fin with rows of 


progressively smaller scales extending out on fin; 
tiny scales, still with cteni, continuing out on rays 
more than half way to posterior margin; dorsal and 
anal rays on both sides with a thin membranous 
ridge extending more than half way to ray tips (less 
developed posteriorly); no cirri on edges of ridges; 
distal ends of anterior dorsal rays not filamentous. 

Origin of dorsal fin anterior to ventral edge of 
upper eye, the predorsal length 4.3 (4.1-4.6) in HL; 
first dorsal ray 3.8 (3.55-4.2) in 111.; longest dorsal 
ray 1.95 (1.75-1.95) in HL; origin of anal fin below 
base of nineteenth dorsal ray, the preanal length 3.9 
(4.0-4.3) in SL; first anal ray 4.05 (3.15-4.5) in HL; 
longest anal ray 1.95 (1.75-1.95) in HL; anus 
anterior to first anal ray; genital papilla at base of 
first anal ray, dorsoposterior to anus; caudal fin 4.15 
(4.0-4.25) in SL; origins of pelvic fins adjacent; 
pelvic fins not diverging posteriorly, the last 
membrane of each fin ending at base of anal papilla; 
second and third pelvic rays longest, reaching at 
most slightly posterior to base of first anal ray, 3.2 
(2.8-3.1) in HL. 

Colour of ocular side of holotype in alcohol grey- 
brown with scattered dark brown spots smaller 
than eye (most of about pupil size) and three 
longitudinal rows of larger dark brown blotches: 
one of seven blotches below dorsal fin, one of six 
above base of anal fin, and the third of two largest 
blotches on lateral line, with smaller blotches on the 
line; an irregular broad dark brown bar at base of 
caudal fin; lateral line pale; rays and membranes of 
about first third of dorsal fin pale; membranes of 


Table 5 Proportional measurements of type specimens of Leptachirus alicni as percentages of the standard length. 



Holotype 



Paratypes 




WAM 

P.29959 

WAM 

P.29959 

WAM 

P.29959 

WAM 

P.29959 

WAM 

P.29959 

WAM 

P.29959 

WAM 

P.29959 

Standard length (mm) 

71.0 

57.0 

66.3 

68.8 

73.9 

80.1 

82.5 

Body depth 

37.1 

33.2 

34.8 

33.7 

33.9 

36.9 

36.5 

Body width 

7.8 

6.6 

7.6 

7.5 

6.7 

7.9 

7.9 

Head length 

22.7 

21.5 

22.6 

22.2 

22.3 

23.0 

21.8 

Snout length 

7.6 

7.2 

7.5 

7.7 

7.4 

7.6 

7.5 

Preorbital length 

6.0 

6.2 

6.1 

6.5 

6.4 

6.1 

6.3 

Eye diameter 

2.8 

2.7 

3.0 

2.8 

3.1 

3.1 

2.6 

Interorbital width 

2.7 

2.2 

2.8 

2.5 

2.4 

2.5 

2.6 

Upper-jaw length 

6.3 

7.0 

6.4 

6.2 

6.8 

7.3 

6.7 

Depth of caudal-fin base 

14.3 

14.0 

14.4 

13.8 

14.3 

13.9 

14.0 

Predorsal length 

5.3 

5.1 

5.3 

5.4 

5.3 

5.0 

4.8 

Preanal length 

25.8 

24.6 

24.7 

23.2 

23.3 

24.9 

25.1 

Prepel vie length 

21.1 

17.6 

19.0 

18.3 

19.3 

18.7 

18.8 

First dorsal ray 

6.0 

6.1 

5.8 

5.9 

5.4 

6.2 

5.2 

Longest dorsal ray 

11.5 

12.4 

11.7 

11.9 

11.8 

11.7 

11.9 

First anal ray 

5.6 

6.8 

5.5 

0.6 

6.7 

5.1 

5.8 

Longest anal ray 

11.5 

12.3 

11.9 

12.1 

11.9 

12.1 

12.0 

Caudal-fin length 

24.0 

24.9 

23.4 

24.0 

23.7 

24.9 

24.9 

Pelvic-fin length 

7.1 

7.0 

7.4 

8.0 

7.7 

7.7 

7.3 


The full museum number for the holotype is WAM P.29959-004; for the six paratypes, WAM P.29959-015. 
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remainder of fin progressively darker posteriorly, 
becoming dark brown on about posterior half of fin; 
anal fin similar but entirely pale on only anterior 
fifth of fin; caudal fin with pale rays and brown 
membranes with small darker brown spots and 
longitudinal streaks; pelvic fins pale; exposed gill 
membranes whitish. Colour of blind side yellowish 
white, the dorsal and anal fins now more 
contrastingly dark. 

Etymology 

This species is named for Gerald R. Allen who 
collected the type specimens, as well as many other 
specimens reported in this study. 

Remarks 

The 16 type specimens of this species were 
collected at the same site, a small turbid creek with 
a salinity of 10 ppt about 19 km upstream from 
Bintuni Bay. The area receives semidiurnal tides 
averaging about 3.5 m. The mangrove-nipa zone of 
this creek is therefore subjected to large fluctuations 
in salinity and turbidity (Erftemeijer et al. 1989). 

As will be noted in Tables 1 and 3, Leptachirus 
alleni has a wide range in the numbers of dorsal 
rays and lateral-line scales (9 for the dorsal rays and 
10 for the lateral-line scales). Large variation in 
these counts is characteristic of species of the genus 
and those of the allied genus Aseraggodes. The 
counts of anal rays are not so variable. The anal-ray 
count for L. alleni, 50-53, is the lowest on average 
for the genus (Table 2). 

Three specimens (NTM S. 14857-001, 62.6-79.5 
mm) from the Mawati Estuary of Papua Province, 
New Guinea (4°57.7'S, 137°7.5'E) are identified as 
Leptachirus alleni. They agree with the above 
description, but were not included among the 
paratypes because of the distance of that locality 
from the Bintuni River area. 


Leptachirus hensbach sp. nov. 

Figure 3; Tables 1-4, 6 

Holotype 

WAM P.27820-003, female, 69.4 mm, Papua New 
Guinea, Bensbach River, 12 km downstream of 
Balamuk, 8°59’S, 141°14 , E, seine, G.R. Allen and J. 
Paska, 30 September 1982. 

Paratypes 

BPBM 40462, 74.6 mm and WAM P.27820-007, 
67.5 mm, collected with holotype; WAM P.27822- 
004, 2: 76.2-96.5 mm, Papua New Guinea, Bensbach 
River, 2 km upstream from Bensbach Wildlife 
Lodge, 8°52’S, 141°12 1 E, rotenone, G.R. Allen and J. 
Paska, 1 October 1982; WAM 31342-001, 107.8 mm, 
Bensbach River, vicinity of Bensbach Wildlife 
Lodge, G. Hitchcock, May, 1997. 


Diagnosis 

Dorsal rays 71—76; anal rays 53-59; pelvic rays 3 
or 4; lateral-line scales 88-95; lateral line on ocular 
side of head with a ventral branch of 4 to 9 pores, 
the remaining horizontal anterior part with 5-7 
pores; vertebrae 40-41 (modally 40); dorsal 
pterygiophores anterior to fourth neural spine 8; 
body depth 3.0-3.45 in SL; caudal peduncle absent 
or extremely short; head length 4.35-4.7 in SL; eyes 
small, the eye diameter 7.35-8.5 in HL; interorbital 
width 9.3-13.7 in HL; longest dorsal ray 1.85-1.95 
in HL; caudal fin 4.3-4.6 in SL; pelvic fins not joined 
to genital papilla, their origins adjacent; pelvic fins 
short, reaching little beyond base of first anal ray, 
2.8-3.2 in HL; colour of ocular side light brown 
mottled with small darker brown blotches; three 
longitudinal rows of dark brown blotches of one to 
two eye diameters in size; dorsal and anal fins with 
indistinct brown spots centred on single rays and 
membrane to each side; caudal fin pale yellowish 
with a row of dark brown spots at base and small 
fainter spots on basal half of fin. Largest specimen, 
107.8 mm SL. 

Description 

Dorsal rays 72 (71-76), anal rays 53 (54-59), dorsal 
and anal rays branched distally except anterior rays 
(first 15 dorsal rays and first 2 anal rays of holotype 
unbranched); caudal rays 18, 14 branched, 12 (12- 
14) of these double-branched; pelvic rays 3 (3-4), 
none branched; lateral-line scales on ocular side 90 
(88-95), including 11 (11-13) between a vertical at 
upper end of gill opening and ventral branch of 
lateral line on head; pores before ventral branch 3 
(2-5); pores of ventral branch 7 (5-9); scales above 
lateral line on ocular side about 27, including 1-2 
on base of dorsal fin; scales below lateral line about 
33, including 1-2 on base of anal fin; vertebrae 10 + 
31 (10 + 30-31) = 41 (40-41, modally 40); only erisma 
before tip of second neural spine; space between 
second and third neural spines with 6 (5) 
pterygiophores; space between third and fourth 
neural spines with 2 (2-3) pterygiophores, hence a 
total of 9 (8-9) dorsal pterygiophores anterior to 
fourth neural spine. Ventroanterior margin of 
urohyal forming an angle of about 85° (80-100°), 
the inner angle moderately to strongly rounded. 

Body depth 3.0 (3.0-3.45) in SL; body thin, the 
width 4,8 (3,8-4.6) in body depth; head length 4.35 
(4.45-4.7) in SL; caudal peduncle absent, except on 
holotype and one paratype where extremely short; 
depth of caudal-fin base 1.7 (1.7-1.95) in HL; snout 
not overlapping or projecting anterior to lower lip 
when mouth closed; snout length 3.05 (2.75-3.2) in 
HL; preorbital length 3.75 (3.4-4.1) in HL; eyes 
small, the eye diameter 7.65 (7.35-8.5) in HL; least 
vertical interorbital width 13.5 (9.3-13.8) in HL; 
upper eye overlapping two-thirds (one-third to 
three-fourths) of lower eye; a horizontal line 
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Figure 3 Holotype of Leptachirus bensbach sp. nov., WAM P.27820-003, 69.4 mm SL, Bensbach River, Papua New 
Guinea. 


projected anteriorly from upper end of gill opening 
passing about one eye diameter below lower eye. 

Mouth inferior, the jaws strongly curved; maxilla 
reaching vertical through anterior margin of pupil 
of lower eye (below centre of eye in largest 
paratype), the upper-jaw length 3.8 (3.3-3.6) in HL; 
a dense curved band of villiform teeth on blind side 
of both jaws; tubular anterior nostril in a slight 
depression above upper lip in front of dorsal edge 
of lower eye, not reaching cutaneous edge of eye 
when laid back, its length only slightly longer than 
diameter of its base, and tapering only slightly; 
posterior nostril an oblique slit in labial groove 
covered by skin anterior to base of lower eye; 
anterior nostril of blind side a strongly tapering 
tubule in a depression above upper lip nearly one- 
half distance to end of upper jaw, its length shorter 
than diameter of its base; posterior nostril of blind 
side a tapering tubule about two-thirds eye 
diameter in length, dorsoposterior to anterior 
nostril, the intemarial distance equal to cutaneous 
diameter of eye. 

Scales ctenoid on both sides, with 7-11 (usually 8 
or 9) cteni, extending well beyond scale edge; scales 
on ocular side of snout before eyes small, with 
fewer cteni, replaced before anterior nostril with 
rows of small papillae and cirri; scales on blind side 
of head becoming fleshy with short cteni anteriorly, 
and replaced by cirri and sensory papillae before 
posterior end of jaws; a row of very small papillae 
at edge of depression containing anterior nostril 
(except ventrally); eyes separated by 2 (1-3) rows of 
scales, with 2-A rows of smaller scales extending 
onto medial edges of eyes; no series of cirri directly 
on anterior edge of snout or ventral edge of head; 
short slender cirri on blind side of snout and ventral 
side of head nearly to edge; a series of about 25 
slender cirri along opercular edge of gill opening of 
blind side of holotype, but none on ocular side 
except for a few short ones ventrally. 

Lateral line straight on both sides along middle of 
body, with a short ventral preopercular branch on 


ocular side of head, the straight anterior part 
projecting toward upper eye; a cephalodorsal 
sensory line on ocular side from front of snout, 
passing posteriorly below base of dorsal fin and 
indistinctly onto anterior body; lateral line 
extending with pores into caudal fin along dorsal 
edge of tenth ray more than three-fourths distance 
to posterior fin margin; cephalic sensory system of 
blind side as described for genus, with about 13 
temporal commissures (sensory lines alternating 
with bands of cirri) dorsal cephalic branch of lateral 
line with cephalodorsal line along base of dorsal 
fin. 

Basal sheath of one or two rows of small scales on 
dorsal and anal fins; base of caudal fin with rows of 
progressively smaller scales extending about 
halfway out on fin; tiny scales, still with cteni, 
continuing out on rays more than halfway to 
posterior margin; dorsal and anal rays on both sides 
with a thin membranous ridge extending more than 
halfway to ray tips; no cirri on edges of 
membranous ridges; only tips of anterior dorsal 
rays free of membrane. 

Origin of dorsal fin anterior to ventral part of 
upper eye, the predorsal length 4.6 (4.1-4.6) in HL; 
first dorsal ray 3.35 (3.15-3.8) in HL; longest dorsal 
ray 1.85 (1.85-1.95) in HL; origin of anal fin below 
base of seventeenth dorsal ray, the preanal length 
4.2 (4.25) in SL; first anal ray 3.4 (3.1-4.2) in HL; 
longest anal ray 1.75 (1.8-1.9) in HL; anus anterior 
to first anal ray; genital papilla at base of first anal 
ray, dorsoposterior to anus; caudal fin 4.3 (4.3-4.6) 
in SL; pelvic fins not attached to genital papilla, 
their origins adjacent; pelvic fins not diverging 
posteriorly, the last membrane of each fin ending 
near base of anal papilla; second pelvic ray longest, 
reaching base of first anal ray, 3.6 (3.3-3.6) in HL. 

Colour of ocular side of holotype in alcohol light 
brown, finely mottled with small darker brown 
blotches; a row of 11 dark brown blotches of one to 
two eye-diameter size along base of dorsal fin, a 
row of six similar blotches above base of anal fin. 
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Table 6 Proportional measurements of type specimens of Leptachirus bensbach as percentages of the standard length. 


Holotype 


Paratypes 


WAM P.27820 

BPBM 40462 

WAM P.27822 

WAM P.27822 

WAM P.31342 

Standard length (mm) 

69.4 

74.6 

76.2 

96.5 

107.8 

Body depth 

32.9 

29.0 

30.9 

33.2 

33.6 

Body width 

6.9 

6.5 

6.7 

8.3 

8.8 

Head length 

22.9 

22.5 

21.3 

22.9 

22.0 

Snout length 

7.5 

7.4 

7.8 

7.2 

6.9 

Preorbital length 

6.1 

6.4 

6.3 

5.6 

5.5 

Eye diameter 

3.0 

2.8 

2.8 

2.7 

2.7 

Interorbital width 

1.7 

1.7 

2.3 

2.1 

1.6 

Upper-jaw length 

6.0 

6.3 

6.5 

6.8 

6.2 

Caudal-peduncle depth 

13.5 

11.9 

12.4 

11.8 

13.0 

Caudal-peduncle length 

0.1 

0.1 

0 

0 

0 

Predorsal length 

5.0 

4.5 

5.2 

5.2 

4.6 

Preanal length 

24.0 

23.5 

23.4 

23.7 

23.7 

Prepelvic length 

20.9 

19.9 

19.3 

19.9 

19.3 

First dorsal ray 

6.8 

6.7 

6.8 

6.0 

5.9 

Longest dorsal ray 

12.3 

11.9 

11.5 

11.8 

11.4 

First anal ray 

6.7 

7.3 

5.8 

6.6 

5.2 

Longest anal ray 

12.9 

11.9 

11.6 

12.3 

12.2 

Caudal-fin length 

23.2 

23.1 

22.3 

23.3 

21.7 

Pelvic-fin length 

6.9 

6.7 

6.5 

6.4 

6.5 


The full museum number for the holotype is WAM P.27820-003; for the paratypes, WAM P.27822-004 and WAM 
P.31342-001. 


and five along lateral line on body, the first with 
peripheral small dark spots; a large dark blotch at 
anterior end of lateral line, and another shaped like 
a hand on abdomen; dorsal and anal fins pale 
yellowish with a series of indistinct large brown 
blotches on single rays and adjacent membrane; 
caudal fin pale yellowish with a row of brown 
blotches across base and faint smaller blotches in 
basal half of fin; pelvic fins pale. Colour of blind 
side yellowish white. 

Etymology 

This species is named for the Bensbach River at 
the southwestern corner of Papua New Guinea, the 
locality for all specimens examined. The species 
name is treated as a noun in apposition. 

Remarks 

All specimens of Leptachirus bensbach examined 
were collected from freshwater (G.R. Allen, pers. 
comm.). 

Leptachirus bensbach was first identified as 
Aseraggodes klunzingeri, like other soles of this 
genus from rivers of the south coast of New Guinea. 
The Bensbach River is only 100 km southeast of the 
mouth of the Merauke River, the type locality of L. 
klunzingeri, and is the closest of any locality to the 
Merauke River from which specimens of this genus 
have been collected. However, L. bensbach is clearly 
not klunzingeri, judging from the much deeper 
body of the latter shown in the very good 
illustration of the species provided by Weber (1908). 


Also, the dorsal-ray counts of 67-70 and lateral-line 
scale counts of 80-85 given by Weber for 
klunzingeri are too low for L. bensbach. Weber had 
only one specimen of L. klunzingeri, which is not 
extant. The range of his counts included specimens 
of another species. 

No measurements were taken of the 67.5-mm 
specimen of WAM P.27820-007, collected with the 
holotype, because the body was too strongly curved 
when preserved. 

The most similar species to Leptachirus bensbach 
is L. lorentz, best separated on eye size and modal 
vertebral count. 

Leptachirus darwinensis sp. nov. 

Figure 4; Tables 1-4, 7 

Holotype 

NTM S.10618-001, male, 70.0 mm, Australia, 
Northern Territory, East Alligator River, 3 km 
upstream from Cahills Crossing, 12°27’S, 132°58'E, 
G. Miles, June, 1977. 

Paratypes 

NTM S.10868-001, 66.2 mm. Northern Territory, 
East Alligator River, Cannon Hill Lagoon, 12°24'S, 
132°58'E, S.H. Midgley, 26 September 1972; BPBM 
40477, 61.8 mm. Northern Territory, South Alligator 
River, Jim Jim Creek, 100 m from Pine Creek Road, 
12°57'S, 132°47'E, P. Wellings, 18 October 1984; 
NTM S.15583-001, 64.8 mm. Northern Territory, 
Adelaide River, Marrakai Creek, 12°40.71'S, 
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Figure 4 Holotype of Leptachirus darwinensis sp. nov., NTM S.10618-001, 70.0 mm SL, East Alligator River, Northern 
Territory, Australia. 


131 o 20.09'E, 3-4 m, T. Berra and Q. Allsop, 3 July 
2001; NTM S.16036-001, 68.7 mm. Northern 
Territory, Adelaide River, Arnhem Highway boat 
ramp, 12°39.42'S, 131°20.18’E, 0-0.5 m, S. Gregg, 8 
January 2005. 

Diagnosis 

Dorsal rays 71-73; anal rays 53-56; pelvic rays 4; 
lateral-line scales 90-96; lateral line on ocular side 
of head with a ventral branch of 4-9 pores, the 
remaining horizontal anterior part with 5-7 pores; 
vertebrae 40-41; dorsal pterygiophores anterior to 
fourth neural spine 8-9; body depth 3.1-3.2 in SL; 
caudal peduncle absent; head length 4.3^.6 in SL; 
eyes small, the eye diameter 6.8-7.7 in HL; 
interorbital width 9.3-10.8 in HL; longest dorsal ray 
1.85-1.95 in HL; caudal fin 4.1-4.35 in SL; pelvic 
fins not joined to genital papilla, their origins 
adjacent; pelvic fins short, reaching little beyond 
base of first anal ray, 2.75-3.05 in HL; colour of 
ocular side light brown mottled with small darker 
brown blotches; three longitudinal rows of dark 
brown blotches of one to two eye diameters in size; 
dorsal and anal fins with indistinct brown spots 
centred on single rays and membrane to each side; 
caudal fin pale yellowish with of dark brown spots 
at base and transverse rows of progressively smaller 
and fainter spots in distal two-thirds of fin. Largest 
specimen, 68.7 mm SL. 

Description 

Dorsal rays 72 (71-73), anal rays 54 (53-56), dorsal 
and anal rays branched distally except anterior rays 
(first 17 dorsal rays and first 2 anal rays of holotype 
unbranched); caudal rays 18, 14 branched, 12 (11— 
12) of these double-branched; pelvic rays 4, none 
branched; lateral-line scales on ocular side 91 (90— 
96), including 10 (10-12) between a vertical at upper 
end of gill opening and ventral branch of lateral 


line on head; pores before ventral branch 5 (3^); 
pores of ventral branch 9 (6-8); scales above lateral 
line on ocular side about 31, including 2-3 on base 
of dorsal fin; scales below lateral line about 36, 
including 2-3 on base of anal fin; vertebrae 10 + 31 
(10 + 30-31) = 41 (40-41); only erisma before tip of 
second neural spine; space between second and 
third neural spines with 5(5) pterygiophores; space 
between third and fourth neural spines with 2 (2-3) 
pterygiophores, hence a total of 8 (8-9) dorsal 
pterygiophores anterior to fourth neural spine. 
Ventroanterior margin of urohyal forming an angle 
of about 100° (85-90°), the inner angle strongly 
rounded. 

Body depth 3.2 (3.1-3.2) in SL; body thin, the 
width 4.1 (3.8-5.35) in body depth; head length 4.3 
(4.3-4.6) in SL; caudal peduncle absent; depth of 
caudal-fin base 1.7 (1.65-1.75) in HL; snout not 
overlapping lower jaw, but upper lip projecting 
slightly ventroanterior to lower lip; snout length 3.3 
(3.0-3.15) in HL; preorbital length 3.45 (3.45-3.85) 
in HL; eyes small, the eye diameter 7.25 (6.8-7.7) in 
HL; least vertical interorbital width 10.1 (9.3-10.8) 
in HL; upper eye overlapping two-thirds (one-third 
to one-half) of lower eye; a horizontal line projected 
anteriorly from upper end of gill opening passing 
about one eye diameter below lower eye. 

Mouth inferior, the jaws strongly curved; maxilla 
reaching vertical through anterior margin of pupil 
of lower eye, the upper-jaw length 3.3 (3.15-3.35) in 
HL; a dense curved band of villiform teeth on blind 
side of both jaws; tubular anterior nostril in slight 
depression above upper lip in front of dorsal edge 
of lower eye, not reaching cutaneous edge of eye 
when laid back, its length no longer than diameter 
of its base, and not tapering; posterior nostril an 
oblique slit in labial groove covered by skin anterior 
to base of lower eye; anterior nostril of blind side a 
strongly tapering tubule in a depression above 







92 


J.E. Randall 


upper lip nearly one-half distance to end of upper 
jaw, its length shorter than diameter of its base; 
posterior nostril of blind side a tapering tubule 
about half eye diameter in length, dorsoposterior to 
anterior nostril, the internarial distance equal to 
diameter of eye. 

Scales ctenoid on both sides, with 8-12 (usually 9 
or 10) cteni, not extending well beyond scale edge; 
scales on ocular side of snout before eyes small, 
with fewer cteni, becoming fleshy above anterior 
nostril; and replaced anterior to nostril by smooth 
translucent tissue with small dark brown inclusions 
(partially free as small dark papillae and dark cirri 
on three paratypes); scales of blind side dorsally on 
body and on head with fewer and shorter cteni, 
losing cteni at level of preopercle and becoming 
more fleshy, with cirri and sensory papillae before 
posterior end of jaws; a row of very small papillae 
dorsally at edge of depression containing anterior 
nostril on ocular side of head; eyes separated by 4 
(2-4) rows of scales, with 3-5 rows of smaller scales 
extending onto medial edges of eyes; no series of 
cirri directly on anterior edge of snout or ventral 
edge of head; short slender cirri on blind side of 
snout and ventral side of head nearly to edge; a 
series of slender cirri along opercular edge of gill 
opening of blind side (24 in holotype), but few on 
ocular side (holotype with most, 10). 

Lateral line straight on both sides along middle 
of body, with a short ventral preopercular branch 
on ocular side of head, the straight anterior part 
projecting toward upper eye; cephalodorsal sensory 
line on ocular side of head faint; lateral line 
extending with pores into caudal fin along dorsal 


edge of tenth ray more than three-fourths distance 
to posterior fin margin; cephalic sensory system of 
blind side as described for genus, with about 16 
temporal commissures (sensory rows of papillae 
alternating with bands of cirri) between dorsal 
cephalic branch of lateral line with cephalodorsal 
line along base of dorsal fin, the latter extending 
about half way back on body. 

A basal sheath of two to three rows of small scales 
on dorsal and anal fins; base of caudal fin with rows 
of progressively smaller scales extending about 
halfway out on fin; tiny scales, still with cteni, 
continuing out on rays more than halfway to 
posterior margin; dorsal and anal rays on both sides 
with a membranous ridge extending more than 
halfway to ray tips; small partially embedded scales 
extending out on ridges, but no cirri on edges; only 
tips of anterior dorsal rays free of membrane. 

Origin of dorsal fin anterior to ventral part of 
upper eye, the predorsal length 5.3 (4.05^.8) in HL; 
first dorsal ray 3,2 (3.1—3.2) in HL; longest dorsal 
ray 1.9 (1.85-1.95) in HL; origin of anal fin in line 
with posterior end of gill opening and base of 
seventeenth dorsal ray, the preanal length 4.15 
(4.05-4.2) in SL; first anal ray 3.4 (3.25-3.4) in HL; 
longest anal ray 1.9 (1.85-1.9) in HL; anus anterior 
to first anal ray; genital papilla at base of first anal 
ray, dorsoposterior to anus; caudal fin 4.25 (4.1- 
4.35) in SL; pelvic fins not attached to genital 
papilla, their origins adjacent; pelvic fins not 
diverging posteriorly, the last membrane of each fin 
ending near base of anal papilla; second pelvic ray 
longest, reaching base of first anal ray, 3.05 (2.75- 
3.0) in HL. 


Table 7 Proportional measurements of type specimens of Leptachirus darwinensis as percentages of standard length. 



Holotype 


Paratypes 


NTM S.10618 

BPBM 40477 

NTM S.15583 

NTM S.10868 

NTM S.16036 

Standard length (mm) 

70.0 

61.8 

64.8 

66.2 

68.7 

Body depth 

31.4 

31.5 

32.3 

31.9 

32.2 

Body width 

7.7 

7.4 

8.5 

6.8 

6.0 

Head length 

23.2 

22.7 

21.7 

22.3 

23.1 

Snout length 

7.1 

7.6 

6.9 

7.1 

7.4 

Preorbital length 

6.7 

6.5 

6.3 

5.9 

6.0 

Eye diameter 

3.2 

3.3 

3.2 

3.0 

3.0 

Interorbital width 

2.3 

2.1 

2.3 

2.4 

2.4 

Upper-jaw length 

7.0 

7.1 

6.5 

7.1 

6.1 

Depth of caudal-fin base 

13.7 

13.0 

13.1 

13.6 

13.2 

Predorsal length 

4.4 

5.1 

4.5 

5.5 

5.0 

Preanal length 

24.0 

23.7 

23.8 

24.1 

24.7 

Prepelvic length 

20.0 

18.0 

18.5 

19.6 

19.3 

First dorsal ray 

7.3 

7.3 

7.2 

7.0 

7.2 

Longest dorsal ray 

12.2 

11.5 

11.8 

11.7 

11.8 

First anal ray 

6.8 

6.9 

6.4 

6.8 

7.1 

Longest anal ray 

12.4 

11.8 

12.2 

12.0 

12.3 

Caudal-fin length 

23.6 

22.9 

23.1 

24.3 

23.3 

Pelvic-fin length 

7.6 

8.2 

7.5 

8.0 

7.7 


All the above NTM-S museum numbers end with -001. 
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Colour of ocular side of holotvpe in alcohol finely 
mottled grey-brown with three longitudinal rows 
of dark brown spots: one of six to seven spots of eye 
size or smaller below base of dorsal and anal fins, 
and the third of five spots along lateral line, the 
second, third, and fifth consisting of small dark 
brown spots within an obscure dark grey blotch; 
gill membranes pale; dorsal and anal fins pale with 
some dusky pigment on membranes and basallv on 
rays, and a series of indistinct dark spots in outer 
part of about posterior two-thirds of fins, most 
consisting of dark pigment concentration on one ray 
and adjacent membranes; caudal fin pale w ? ith a 
dark brown spot at midbase as part of the fifth dark 
lateral-line blotch; a series of irregular transverse 
rows of dusky spots on rays, progressively smaller 
and fainter distally; colour of blind side pale 
yellowish. 

Etymology 

This species is named darwinensis for the city of 
Darwin in the Northern Territory for its proximity 
to the three rivers to the east in which specimens 
have been collected. 

Remarks 

The holotvpe was collected upstream from Cahills 
Crossing of the East Alligator River, a freshwater 
site. Paratype localities of Cannon Hill Lagoon of 
the East Alligator River, Jim Jim Creek of the South 
Alligator River, and Marrakai Creek of the Adelaide 
River are also freshwater areas. The Arnhem 
Highway boat ramp, about 60 km from the mouth 
of the Adelaide River, may be slightly brackish. A 
salinity reading of 0.2 ppt was taken on an 
incoming tide (Gavin Dally, pers. comm.). 

Leptachirus darwinensis is one of a closely related 
group of seven species, only one of which, L. 
polylepis, also occurs in rivers of the Northern 
Territory. The eighth species of the genus, L. 
triramus from the Victoria and Ord Rivers of 
northern Australia, is dearly distinct from the other 
seven. /.. darwinensis is easily distinguished from 
/. polylepis by the much lower lateral-line scale 
count. Of the remaining five similar species, all 
from rivers or estuaries of southern New Guinea, L. 
darwinensis is dearly closest to / . bensbach. The 
dorsal- and anal-ray counts of L. darwinensis are 
within the range for L. bensbach , and the lateral¬ 
line scale counts are broadly overlapping. The 
vertebral count is modally the same as that of L. 
lorentz and L polylepis, but one more than the 
count of L. bensbach (Table 4). Morphometric data 
for L. bensbach and L darwinensis reveal only a 
difference in the pelvic-fin length, that of L. 
darwinensis being consistently longer, and eye size. 
The eye of L. bensbach is larger; however, all but 
one of the specimens are larger than those of L. 
darwinensis, which could account for this 


difference. The dark spots of the three longitudinal 
series of L. bensbach are generally much larger than 
those of I. darwinensis. The most convincing 
separation is the size of the deni of the scales. When 
specimens of equal size are compared, the eteni of 
L. bensbach are dearly longer. 

Leptachirus kikori sp. nov. 

Figure 5; Tables 1-4, 8 

Holotype 

WAM P.31210-002, male, 71.6 mm, Papua New' 
Guinea, Kikori River, 4 km southwest of Ero village, 
7°28'S, 144 2CE, mud and nipa palm roots, 0.1-2 m, 
rotenone, G.R. Allen and T. Leary, 4 November 
1996. 

Paratypes 

WAM P.30977-020, 13: 24.0-58.4 mm, Papua New' 
Guinea, Kikori River, Waimake Creek, about 5 km 
up creek from Veiru village, 7°26’S, 144°12 , E, 0-2 m, 
rotenone, G.R. Allen, 5 March 1995; BPBM 40466, 3: 
26.5-57.0 mm, NTM S.16250-001, 3: 26.3-5.2 mm, 
USNM 387207, 3: 37.4-57.1 mm, ZMB 33746, 3: 26.6- 
56.3 mm, same data as preceding; WAM P.31210- 
018, 6: 26.7-43.2 mm, same data as holotype. 

Diagnosis 

Dorsal rays 65-74; anal rays 50-57; pelvic rays 4; 
lateral line on ocular side of head with a ventral 
branch of 5-8 pored scales, the remaining horizontal 
anterior part with 3-5 pored scales; lateral-line 
scales to point of branching on head 76-88, 
including 8-1.0 anterior to upper end of gill 
opening; vertebrae 39-40; dorsal pterygiophores 
anterior to fourth neural spine 8-9 (usually 9); body 
slender, the depth 3.0-3.3 in SL; head length 4.35- 
4.7 in SL; caudal-peduncle absent; eye diameter 
5.25-6.9 in HE; least vertical interorbital width 9.9- 
13.5 in HE; scales of body of adults with 8 14 cteni 
(mostly 10 or 11); longest dorsal ray 1.85-2.1 in HL; 
caudal fin 4.0-4.4 in SL; origin of pelvic fins 
adjacent on ventral edge of body, the fins attached 
posteriorly to base of anal papilla; pelvic fins short, 
just reaching origin of anal fin, 2.7-3.3 in HE; ocular 
side finely mottled grey-brown to brown, with three 
longitudinal rows of dark brown spots of eye size 
or smaller (spots may be within larger pigmented 
blotches, the three largest on lateral line); dorsal and 
anal fins dusky yellowish with elongate dark spots 
paralleling rays; caudal fin pale yellowish with 
numerous small dark spots. Largest specimen, the 
holotype, 71.6 mm SL. 

Description 

Dorsal rays 72 (65-74), anal rays 53 (50-57), dorsal 
and anal rays branched at tips except anterior rays 
(first 14 dorsal rays and first 4 anal rays of holotype 
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Figure 5 Holotype of Leptachirus kikori sp. nov., WAM P.31210-002, 71.6 mm SL, Kikori River, Papua New Guinea. 


unbranched); caudal rays 18,13 (13-14) branched in 
adults, 12 (10-12) of these double-branched in 
adults (none double-branched in small juveniles); 
pelvic rays 4, none branched; lateral-line scales on 
ocular side 86 (76-88), including 9 (8-10) between a 
vertical at upper and of gill opening and ventral 
branch of lateral line on head; pores of ventral 
branch 7 (5-8); pores anterior to ventral branch 5 
(3-5); scales above lateral line on ocular side about 
31, including 1-2 on base of dorsal fin; scales below 
lateral line about 40, including 1-2 on base of anal 
fin; vertebrae 10 + 30 (10 + 29-30); only erisma 
before tip of second neural spine; space between 
second and third neural spines with 5 (5) 
pterygiophores; space between third and fourth 
neural spines with 3 (3) pterygiophores, hence a 
total of 9 (two with 8, and five with 9) dorsal 
pterygiophores anterior to fourth neural spine. 
Ventroanterior margin of urohyal forming an angle 
of about 85° (80-90°), the inner angle moderately to 
strongly rounded. 

Body slender, the depth 3.3 (3.0-3.1) in SL; body 
thin, the width 4.65 (4.1-5.75) in body depth; head 
length 4.7 (4.35M.6) in SL; caudal peduncle absent; 
caudal-peduncle depth 1.8 (1.65-1.85) in HL; snout 
not overlapping or projecting anterior to lower lip 
when mouth closed (except on juveniles); snout 
length 2.8 (2.8-3.0) in HL; preorbital length 3.4 
(3.15-3.6) in HL; eyes small, the eye diameter 6.9 
(5.25-6.5) in HL; eyes close together, the least 
vertical interorbital width 13.4 (9.9-13.5) in HL; 
upper eye overlapping one-third (one-tenth to 
three-fourths) of lower eye; a horizontal line 
projected anteriorly from upper end of gill opening 
passing through ventral edge of lower eye. 

Mouth inferior, the jaws strongly curved; maxilla 
reaching a vertical at anterior edge of pupil of lower 
eye, the upper-jaw length 3.25 (2.75-3.3) in HL; 
dense curved band of villiform teeth on blind side 
of both jaws, broadest centrally; tubular anterior 
nostril at edge of upper jaw in front of dorsal part 
of lower eye, not reaching cutaneous edge of eye 
when laid back, shorter than diameter of its base. 


and tapering little except basally; posterior nostril 
an oblique slit in labial groove covered by skin 
anterior to base of lower eye; anterior nostril of 
blind side a strongly tapering fleshy tubule in 
depression above upper lip nearly one-half distance 
to end of upper jaw, the length shorter than 
diameter of base; posterior nostril of blind side a 
tapering flat tubule nearly one-half eye diameter in 
length, dorsoposterior to anterior nostril, the 
internarial distance equal to cutaneous diameter of 
lower eye. 

Scales ctenoid on both sides, with 7-11 cteni 
(mostly 9 or 10 on ocular side of body of holotype; 
usually 6 or 7 on juveniles); scales on ocular side of 
snout small, fleshy, with rudimentary cteni, 
extending to above front edge of anterior nostril; 
snout before anterior nostril and below level of 
dorsal edge of upper eye covered with thick smooth 
translucent tissue; a few dark brown cirri, mainly in 
rows, within this tissue; scales on blind side of head 
progressively smaller, with few cteni extending 
anteriorly on dorsal side a short distance before 
posterior nostril, and replaced anteriorly and over 
operculum by cirri and sensory papillae; eyes 
separated by 2 or 3 rows of scales, with 3-4 rows of 
small scales extending onto medial edges of eyes; 
no series of cirri along anterior edge of snout or 
ventral edge of head; short slender cirri on blind 
side of snout and ventral side of head nearly to 
edge; a series of about 20 small cirri along opercular 
edge of gill opening of blind side, but at most one 
or two ventrally on ocular side. 

Lateral line straight on both sides along middle 
of body, with a short ventral preopercular branch 
on head of ocular side, the straight anterior part 
projecting toward upper eye; a cephalodorsal 
sensory line on ocular side submarginal to front of 
snout, passing posteriorly at base of dorsal fin and 
indistinctly onto anterior body; lateral line 
extending with pores into caudal fin along dorsal 
edge of tenth ray about three-fourths distance to 
posterior fin margin; cephalic sensory system of 
blind side as described for genus, with about 17 
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temporal commissures (sensory lines alternating 
with bands of cirri) linking dorsal cephalic branch 
of lateral line with cephalodorsal line along base of 
dorsal fin. 

Basal sheath of two or three rows of small scales 
on dorsal and anal fins; base of caudal fin with 
progressively smaller scales extending about three- 
fourths distance to margin of fin, those more than 
half way as tiny scales, still with a few cteni, along 
edge of rays; dorsal and anal fins on both sides with 
a fleshy membranous ridge, better developed on 
blind side, extending more than half way to ray tips; 
ridges progressively narrower posteriorly and 
disappearing on last rays; no cirri on edge of ridges; 
ridges of ocular side with very small scales, but 
none on blind side; distal ends of anterior dorsal 
rays not filamentous. 

Origin of dorsal fin anterior to ventral edge of 
upper eye, the predorsal length 3.3 (3.2-3.8) in HL; 
first dorsal ray 3.9 (3.4-3.S) in HL; longest dorsal 
ray 1.95 (1.85-2.1) in HL; origin of anal fin below 
base of sixteenth dorsal ray, the preanal length 4.35 
(4.05-4.3) in SL; first anal ray 3.8 (2.9-4.15) in HL; 
longest anal ray 1.8 (1.85-2.05) in head HL; anus 
anterior to first anal ray; genital papilla at base of 
first anal ray, dorsoposterior to anus; caudal fin 4.4 
(4.0-4.3) in SL; origins of pelvic fins adjacent on 
ventral edge of body, the fins not diverging 
posteriorly, the last ray of each fin ending at 
anterior base of anal papilla; pelvic fins short, the 
third pelvic ray longest, just reaching origin of anal 
fin, 2.7 (2.8-3.3) in HL. 


Colour of ocular side of holotype in alcohol finely 
mottled grey-brown, with three longitudinal rows 
of dark brown spots smaller than eye: one of eight 
spots (two as double spots) below base of dorsal 
fin, one of five spots above base of anal fin (with a 
few fainter spots between), and one of five spots 
along lateral line (the third spot displaced above 
the line, the last at caudal-fin base); lateral-line spots 
within faint large dark blotches; dorsal and anal fins 
dusky yellowish with elongate dark brown spots 
paralleling rays, mainly in outer two-thirds of fin 
and involving two to four rays, but pigment mainly 
on membranes; caudal fin pale yellowish with 
many small brown spots, mainly on rays; pelvic fins 
pale dusky yellowish; blind side of body yellowish 
white. Para types from Waimake Creek collection 
darker brown on ocular side, the three rows of 
small dark brown spots more clearly within larger 
dark blotches. 

Etymology 

The new species name kikori is from the type 
locality, the Kikori River of southern Papua New 
Guinea. The name is treated as a noun in 
apposition. 

Remarks 

The specimens of Leptachirus kikori were 
collected from slightly brackish water at two 
collection sites of the Kikori River (Gerald R. Allen, 
pers. comm.). 


Table 8 Proportional measurements of type specimens of Leptachirus kikori as percentages of the standard length. 



Holotype 



Paratypes 




WAM 

P.31210 

WAM 

P.30977 

WAM 

P.30977 

WAM 

P.30977 

WAM 

P.30977 

WAM 

P.30977 

WAM 

P.30977 

Standard length (mm) 

71.6 

38.2 

43.7 

48.9 

52.9 

57.0 

58.4 

Body depth 

30.3 

33.2 

32.0 

33.0 

32.2 

32.9 

32.3 

Body width 

6.5 

5.8 

7.2 

8.0 

5.9 

6.6 

6.8 

Head length 

21.4 

23.0 

22.8 

22.3 

22.9 

22.9 

21.9 

Snout length 

7.6 

7.9 

7.8 

7.9 

7.7 

7.6 

7.7 

Preorbital length 

6.3 

6.8 

6.9 

7.1 

6.4 

6.4 

6.3 

Eye diameter 

3.1 

4.3 

3.5 

4.0 

3.6 

3.7 

3.4 

Interorbital width 

1.6 

2.1 

2.3 

2.0 

1.9 

1.7 

1.7 

Upper-jaw length 

6.6 

7.0 

7.2 

7.9 

7.6 

7.5 

7.9 

Caudal-peduncle depth 

11.8 

14.0 

12.3 

13.2 

12.8 

12.2 

12.8 

Caudal-pedu nc 1 e length 

0.1 

0.1 

0.1 

0.1 

0.2 

0.2 

0.2 

Predorsal length 

6.5 

6.0 

6.1 

5.9 

6.1 

6.7 

6.8 

Preanal length 

23.0 

24.6 

23.2 

24.5 

24.1 

24.0 

23.6 

Propel vie length 

17.5 

17.6 

18.3 

20.0 

19.8 

19.8 

18.9 

First dorsal ray 

5.5 

6.1 

6.6 

6.5 

6.8 

6.0 

6.4 

Longest dorsal ray 

11.0 

12.4 

12.1 

11.2 

1 1.6 

11.4 

10.4 

First anal ray 

5,6 

6.8 

5.5 

6.6 

5.7 

6.7 

73 

Longest anal ray 

11.8 

12.3 

11.9 

11.6 

11.9 

12.0 

10.7 

Caudal-fin length 

22.7 

24.9 

23.8 

24.5 

23.3 

24.3 

24.2 

Pelvic-fin length 

8.0 

7.0 

8.2 

8.0 

7.7 

7.2 

7.0 


The full museum number for the holotype is WAM P.31210-002; for the six paratvpes, WAM P.30977-020. 
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Based on the number of dorsal and anal rays, 
broadly overlapping lateral-line scale counts, and 
most proportional measurements, this species 
seems most similar to L. alleni. The two differ 
mainly in the greater body depth of L. alleni , lack of 
a caudal peduncle (present, though extremely short 
in kikori ), and 37-39 vertebrae (39-40 for kikori ). 
Dorsal and anal fin rays and lateral-line scales were 
not counted on the three smallest paratypes. 

Leptachirus klunzingeri (Weber), comb. nov. 

Figure 6 

Pardachirus klunzingeri Weber, 1907: 250, pi. 13, 

fig. 2 (mouth of Merauke River, New Guinea). 

Remarks 

Weber described this species from a specimen 105 
mm in total length, which is no longer extant at the 
Zoologisch Museum in Amsterdam. Although the 
date of his publication on the journal is given as 
1908, separates of the same paper were published in 
1907. Weber regarded specimens identified as Solea 
thepassii (Bleeker) by Gunther (1862: 478) to be his 
new species, Pardachirus klunzingeri. Achirus 
thepassii Bleeker from Ambon, Molucca Islands is 
now regarded as a synonym of Pardachirus 
poropterus (Bleeker) (Clark and George, 1979; 
Randall and Johnson, in press). Weber gave only a 
range in fin-ray and scale counts for P. klunzingeri: 
D 67-70. A 52-55. 1.1. 80-85. The meristic data for 
his holotype from the Merauke River is presumably 
within these ranges. Weber's illustration of 
klunzingeri therefore serves essentially as his 
description. 

Weber (1913: 588) identified specimens from the 
Lorentz River on the south coast of New Guinea 
about 450 km northwest of the mouth of the 
Merauke River as Aseraggodes klunzingeri. Three 
lots of these specimens were located: ZMA 109399, 
BMNH 1913.12.15.38-39, and MNHN 59.592. None 
of these specimens match Weber's figure of 
klunzingeri. They are described below as a new 
species (the MNHN specimens are not considered 
as paratypes due to poor condition). 


Leptachirus klunzingeri is not included in the 
above key to the species of the genus because 
diagnostic characters are lacking in Weber's 
description. Material should be sought from the 
Merauke River so that a neotype can be described. 

Leptachirus lorentz sp. nov. 

Figure 7; Tables 9 

Aseraggodes Klunzingeri (non Weber, 1908) Weber, 
1913: 588 (Lorentz River, New Guinea). 

Holotype 

ZMA 109399, male?, 71.5 mm, Indonesia, New 
Guinea, Papua Province, Lorentz River, Dr. Koch, 
no date of collection. 

Paratypes 

ZMA 123605-08, 4: 54.0-78.0 mm; BPBM 40460, 
80.8 mm; USNM 387648, 57.4 mm; WAM P.32818- 
001, 74.0 mm, originally registered together with 
holotype and having same data; BMNH 
1913.12.15.38-39, 2: 68.1-68.2 mm, Lorentz River, 
Bivak Island, 1907-1910. 

Nontype specimens 

MNHN 59.592, 2: 74-83 mm, presumed same data 
as holotype. 

Diagnosis 

Dorsal rays 68-78; anal rays 54-58; pelvic rays 4; 
lateral line on ocular side of head with a ventral 
branch of 4-6 pored scales, the remaining horizontal 
anterior part with 5-8 pored scales; lateral-line 
scales to point of branching on head 84-90, 
including 8-10 anterior to upper end of gill 
opening; vertebrae 40-42; dorsal pterygiophores 
anterior to fourth neural spine 8-9 (usually 9); body 
slender, the depth 3.25-3.5 in SL; head length 4.25- 
4.5 in SL; caudal-peduncle length 0 to 22.5 in HL; 
eye diameter 5.7-7.0 in HL; least vertical interorbital 
width 12.6-16.8 in HL; longest dorsal ray 2.05-2.2 
in HL; caudal fin 4.25^1.6 in SL; origin of pelvic fins 
adjacent on ventral edge of body, the fins attached 



Figure 6 Holotype of Leptachirus klunzingeri, (after Weber, 1908), 105 mm TL, ZMA specimen not found. 
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Figure 7 Holotype of Leptachirus lorentz sp. nov., ZMA 109399, 71.5 mm SL, Lorentz River, New Guinea. 


posteriorly to base of anal papilla; pelvic fins short, 
not or just reaching origin of anal fin, 3.05-3.8 in 
HL; ocular side brown, mottled with small darker 
brown blotches; three longitudinal rows of larger 
dark brown blotches, the two largest on lateral line; 
dorsal and anal fins light brown with darker brown 
spots, most covering two rays; caudal fin with faint 
dark spots. Largest specimen, 80.8 mm SL. 

Description 

Dorsal rays 78 (68-76), anal rays 57 (54-58), dorsal 
and anal rays branched distally except anterior rays 
(first 14 dorsal rays and first 4 anal rays of holotype 
unbranched); pelvic rays 4 (one branched in two 
largest paratypes); lateral-line scales on ocular side 
89 (84-90), including 9 (8-10) between a vertical at 
upper and of gill opening and ventral branch of 
lateral line on head; pored scales before ventral 
branch 6 (4-6); pored scales of ventral branch 7 (5- 
8); scales above lateral line on ocular side about 26, 
including 3-4 on base of dorsal fin; scales below 
lateral line about 35, including 1-2 on base of anal 
fin; vertebrae 10 + 32 (10 + 30-32); only erisma 
before tip of second neural spine; space between 
second and third neural spines with 6 (5) 
pterygiophores; space between third and fourth 
neural spines with 2 (2-3) pterygiophores, hence a 
total of 9 (two with 8, and five with 9) dorsal 
pterygiophores anterior to fourth neural spine. 
Ventroanterior margin of urohyal forming an angle 
of about 85° (80-105°), the inner angle slightly to 
strongly rounded. 

Body slender, the depth 3.5 (3.25-3.4) in SL; body 
thin, the width 4.1 (4.05-4.35) in body depth; HL 4.4 
(4.25-4.5) in SL; caudal peduncle absent to 
extremely short, the greatest length 22.5 in HL; 
caudal-peduncle depth 1.8 (1.8-2.0) in HL; snout 
not overlapping or projecting anterior to lower lip 
when mouth closed; snout length 2.9 (2.95-3.3) in 
HL; preorbital length 3.25 (3.0-3.6) in HL; eyes 


small, the eye diameter 6.1 (5.7-7.0) in HL; eyes 
close together, the least vertical interorbital width 
13.3 (12.6-16.8) in HL; upper eye overlapping three- 
fourths (one-third to three-fourths) of lower eye; a 
horizontal line projected anteriorly from upper end 
of gill opening passing more than one eye diameter 
below lower eye. 

Mouth inferior, the jaws strongly curved; maxilla 
reaching a vertical through centre of lower eye, the 
upper-jaw length 3.25 (3.2-3.45) in HL; a dense 
curved band of villiform teeth on blind side of both 
jaws, broadest centrally; tubular anterior nostril at 
edge of upper jaw in front of dorsal part of lower 
eye, not reaching cutaneous edge of eye when laid 
back, only slightly longer than diameter of its base, 
and tapering little; posterior nostril an oblique slit 
in labial groove covered by skin anterior to base of 
lower eye; anterior nostril of blind side a strongly 
tapering fleshy tubule in a depression above upper 
lip one-half distance to end of upper jaw, its length 
shorter than diameter of base; posterior nostril of 
blind side a tapering flat tubule about one-third eye 
diameter in length, dorsoposterior to anterior 
nostril, the internarial distance equal to diameter of 
eye. 

Scales ctenoid on both sides, with 8-14 (mostly 10 
or 11) cteni; scales on ocular side of snout small, 
fleshy, with rudimentary cteni, extending to above 
front edge of anterior nostril; snout before anterior 
nostril and below dorsal edge of upper eye naked; a 
small sensory tubule usually visible at level of 
ventral edge of upper eye, vertically above front 
edge of anterior nostril; scales on blind side of head 
with short cteni, extending anteriorly on dorsal side 
to posterior nostril, and replaced anteriorly and 
over operculum by cirri and sensory papillae; eyes 
separated by 1 or 2 rows of scales, with 2-3 rows of 
smaller scales extending onto medial edges of eyes; 
no series of cirri along anterior edge of snout or 
ventral edge of head; short slender cirri present on 
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blind side of snout and ventral side of head nearly 
to edge; a series of about 20 small cirri along 
opercular edge of gill opening of blind side, but 
none on ocular side. 

Lateral line straight on both sides along middle of 
body, with a short ventral preopercular branch on 
head of ocular side, the straight anterior part 
projecting toward upper eye; a cephalodorsal 
sensory line on ocular side submarginal to front of 
snout, passing posteriorly at base of dorsal fin and 
becoming indistinct on anterior body; lateral line 
extending with pores into caudal fin along dorsal 
edge of tenth ray three-fourths distance to posterior 
fin margin; sensory pores and cirri forming three 
longitudinal bands on blind side of head dorsal to 
jaws, with 13 temporal commissures of low sensory 
papillae and cirri linking middle and cephalodorsal 
longitudinal sensory bands, the latter continuing 
indistinctly onto anterior third of body; 
preopercular sensory branch extending to lateral 
line where the latter forms two anterior branches of 
sensory papillae, and continuous with a row of cirri 
extending to cephalodorsal line; mandibulo- 
opercular branch to upper end of gill opening with 
transverse branches of papillae and cirri connecting 
to preopercular branch on ventral part of 
operculum; a sensory line connecting preopercular 
branch to posterior end of upper jaw; transverse 
rows of papillae and cirri extending vertically from 
this branch to preopercular branch. 

Basal sheath of three or four rows of small scales 
on dorsal and anal fins; base of caudal fin with 


progressively smaller scales extending about three- 
fourths distance to margin of fin; dorsal and anal 
fins of ocular side with very small scales extending 
out on rays; dorsal and anal rays of blind side with 
a thin membranous ridge extending more than half 
way to ray tips, less developed posteriorly; no cirri 
on edges of membranous ridges; distal ends of 
anterior dorsal rays not filamentous. 

Origin of dorsal fin (base of first ray) anterior to 
ventral edge of upper eye, the predorsal length 5.4 
(4.6-5.55) in HL; first dorsal ray 3.2 (3.05-3.8) in 
HL; longest dorsal ray 2.15 (2.05-2.2) in HL; origin 
of anal fin below base of eighteenth dorsal ray, the 
preanal length 3.95 (3.9-4.3) in SL; first anal ray 3.55 
(3.3-37) in HL; longest anal ray 2.1 (2.0-2.1) in HL; 
anus anterior to first anal ray; genital papilla at base 
of first anal ray, dorsoposterior to anus; caudal fin 
4.4 (4.15-4.6) in SL; origins of pelvic fins adjacent 
on ventral edge of body, the fins not diverging 
posteriorly, the last ray of each fin ending at 
anterior base of anal papilla; pelvic fins very short, 
the second and third pelvic rays longest, not or just 
reaching origin of anal fin, 3.15 (3.05-3.8) in HL. 

Colour of ocular side of holotype in alcohol 
brown, mottled with small darker brown blotches, 
and three longitudinal rows of larger dark brown 
blotches, one of seven blotches as large or larger 
than eye below base of dorsal fin, one of five above 
base of anal fin, and five along lateral line, the 
second and third the largest and most irregular; 
dorsal and anal fins brown with indistinct, elongate, 
darker brown spots from dark brown sections of 


Table 9 Proportional measurements of type specimens of Leptachirus Iorentz as percentages of the standard length. 



Holotype 



Paratypes 




ZMA 

109399 

ZMA 

123605 

USNM 

387648 

ZMA 

123606 

ZMA 

123607 

WAM 

P.32818 

BPBM 

40460 

Standard length (mm) 

71.5 

54.0 

57.4 

61.3 

70.1 

74.0 

80.8 

Body depth 

28.8 

29.3 

30.8 

29.4 

29.9 

29.4 

30.7 

Body width 

7.7 

7.2 

7.4 

6.6 

6.9 

6.8 

7.5 

Head length 

22.6 

22.7 

22.2 

22.9 

23.0 

23.6 

23.4 

Snout length 

7.8 

6.6 

7.5 

6.9 

7.1 

7.4 

7.5 

Preorbital length 

7.0 

6.4 

7.4 

6.5 

6.4 

6.7 

7.1 

Eye diameter 

3.7 

4.0 

3.5 

4.0 

3.3 

3.4 

3.7 

Interorbital width 

1.7 

1.8 

1.6 

1.8 

1.5 

1.4 

1.5 

Upper-jaw length 

7.0 

6.6 

7.0 

6.4 

6.8 

6.8 

7.4 

Caudal-peduncle depth 

12.5 

12.7 

12.4 

11.8 

11.6 

13.1 

13.0 

Caudal-peduncle length 

0.1 

0.1 

0.1 

0.1 

0.1 

0 

0.1 

Predorsal length 

4.2 

4.2 

4.0 

4.7 

4.6 

5.0 

5.1 

Preanal length 

25.2 

23.4 

25.5 

23.2 

23.6 

24.9 

25.7 

Prepelvic length 

20.9 

19.6 

19.4 

18.3 

18.8 

18.7 

21.0 

First dorsal ray 

7.1 

7.3 

7.3 

6.4 

7.0 

6.2 

6.5 

Longest dorsal ray 

10.5 

10.2 

10.7 

10.6 

11.2 

10.9 

11.5 

First anal ray 

6.4 

6.8 

6.7 

6.6 

6.7 

6.5 

6.3 

Longest anal ray 

10.9 

10.7 

10.9 

10.8 

11.3 

11.5 

11.7 

Caudal-fin length 

22.6 

23.5 

broken 

broken 

21.6 

23.0 

broken 

Pel vie-fin length 

7.2 

7.4 

7.0 

6.4 

6.0 

7.7 

6.9 


The full museum number for the Western Australian Museum paratvpe is WAM P.32818-001. 
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one or two rays and adjacent membranes; about 
anterior fourth of dorsal fin paler than remainder of 
fin and with only two faint dark spots; caudal fin 
with faint dark spots, more apparent basally; pelvic 
fins pale; blind side of body light brown. 

Etymology 

This species is named for the Lorentz River in the 
Timika area of the Papua Province of southern New 
Guinea, presently the only known locality. The 
species name is treated as a noun in apposition. 

Remarks 

As mentioned in the preceding account, the 
specimens of this species were first identified by 
Weber (1913) as Aseraggodes klunzingeri (Weber). 
Although the holotype of A. klunzingeri is lost, it is 
readily apparent from Weber's illustration 
(reproduced here as Figure 5) that it had a deeper 
body (2.7 in SL, compared to 3.25-3.5 for 
Leptachirus lorentz), a broader interorbital space, 
and a different colour pattern, so the two are clearly 
not conspecific. 

The Natural History Museum in London has two 
specimens of this species (listed above as paratypes) 
that were a gift from the Zoologisch Museum, 
Amsterdam. The ZMA label with the specimens 
gives the locality as Bivak Island, Lorentz River. No 
date of collection or name of collector were given. 
Weber (1913) listed 34 specimens, 35-108 mm, from 
this locality and gave three different collection dates 
from 1907-1910. James Maclaine kindly provided 
photographs and x-rays of both BMNH specimens, 
so fin-ray and vertebral counts have been included 
in the Tables 1-4. 

The Museum National d'Histoire Naturelle in 
Paris has two specimens of this species, MNHN 
59.592, 2: 74-83 mm, also a gift from the Zoologisch 
Museum in Amsterdam. Unfortunately, these 
specimens had once been allowed to dry 


completely, so they could not be used for accurate 
fin-ray and scale counts and measurements. They 
are not designated as paratypes, but they were used 
for vertebral counts. 

Leptachirus lorentz has the most slender body of 
the species of the genus but overlaps slightly in 
body depth with L. bensbach and L. kikori. It is 
separated from these two species by its higher 
vertebral counts of 40-42, compared to 39-40 (Table 
4). There is complete separation from L. bensbach 
on eye size, 3.3^.0% SL for L. lorentz compared to 
2.7-3.0% for L. bensbach, and L. lorentz has 
distinctly higher average number of lateral-line 
scales than L. kikori (Table 3). 

Leptachirus polylepis sp. nov. 

Figure 8; Tables 1-4,10 

Holotype 

NTM S.14083-007, male, 58.9 mm, Australia, 
Northern Territory, East Alligator River, Cannon 
Hill Lagoon, 12°22.0’S, 132°57.2’E, 1-4 m, S.H. 
Midgley, 19 June 1973. 

Paratypes 

NTM S.14083-013, 5: 49.6-62.8 mm, BPBM 40461, 
2: 53.5-58.6 mm, USNM 387208, 2: 48.0-52.9 mm, 
WAM P.32819-001, 2: 51.4-58.0 mm, and ZMB 
33743, 52.4 mm, same data as holotype; WAM 
P.25895-002, 54.0 mm, Australia, Northern 
Territory, South Alligator River, Barramundi Creek, 
crossing on Jabira - Pine Creek Road, 13°14’S, 
132°26’E, seine, G.R. Allen, C. Allen and G. Evans, 
26 September 1977; NTM S.14546-001, 3: 52.5-60.7 
mm, Australia, Northern Territory, Mary River, 
Shady Camp Barrage, 12°29.30'S, 131°43.20’E, 1 m, 
Wendy Gains, 23 November 1995; NTM S.14476- 
001, 2: 38.8-39.0 mm, Australia, Northern Territory, 
West Alligator River, 12°17.6'S, 132°15.2'E, 10 m, R. 
Williams and P. Pickworth, 27 May 1997. 



Figure 8 Holotype of Leptachirus polylepis sp. nov., NTM S.14083-007, 58.9 mm SL, East Alligator River, Northern 
Territory, Australia. 
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Diagnosis 

Dorsal rays 70-77; anal rays 54-58; pelvic rays 4 
or 5 (usually 4); lateral-line scales 103-111; lateral 
line on ocular side of head with a ventral branch of 
5 to 6 pores, the remaining horizontal anterior part 
with 3-4 pores; vertebrae 40-42; dorsal 
pterygiophores anterior to fourth neural spine 8-9 
(usually 9); body depth 2.95-3.2 in SL; caudal 
peduncle absent; head length 4.45-4.65 in SL; eye 
diameter 6.35-6.8 in HL; interorbital width 8.6-10.5 
in HL; tubular anterior nostril short, only slightly 
longer than diameter of base, and tapering little; 
longest dorsal ray 1.8-2.15 in HL; caudal-fin length 
4.15-4.7 in SL; pelvic fins not joined to genital 
papilla, their origins adjacent; pelvic fins short, 
reaching little beyond base of first anal ray, 2.7-3.1 
in HL; colour of ocular side in alcohol brown, 
faintly mottled with small darker brown spots; 
three longitudinal rows of dark brown spots, most 
vertically elongate, the largest two on lateral line; 
dorsal and anal fins with dark brown streaks on 
two to four adjacent rays; caudal fin with dark 
brown blotches on base. Largest specimen, 62.8 mm 
SL. 

Description 

Dorsal rays 74 (70-77), anal rays 55 (54-58), dorsal 
and anal rays branched at tips except anterior rays 
(first 15 dorsal rays and first 2 anal rays of holotype 
unbranched); caudal rays 18, 14 (14-15) branched, 
12 (12-13) of these double-branched; pelvic rays 4 
(ten paratypes with 4 rays in both fins, two with 5 


rays in both fins; and five with 4 rays in one fin and 
5 in the other); no pelvic rays branched; lateral-line 
scales on ocular side 109 (103-111), including 12 
(11-13) between a vertical at upper end of gill 
opening and ventral branch of lateral line on head; 
pores of ventral branch 6 (5-6); pores in remaining 
horizontal anterior part of lateral line 4 (3-4) pores; 
lateral line extending into caudal fin along dorsal 
edge of tenth ray about three-fourths distance to 
posterior fin margin; scales above lateral line on 
ocular side of holotype 31, below lateral line 42, 
including those on base of fins; vertebrae 10 + 31 (10 
+ 30-32) = 41 (40-42); only erisma before tip of 
second neural spine; space between second and 
third neural spines with 6 (4-6) pterygiophores; 
space between third and fourth neural spines with 
3 (2-3) pterygiophores, hence a total of 9 (8-9) 
dorsal pterygiophores anterior to fourth neural 
spine. Ventroanterior margin of urohyal forming an 
angle of about 85° (80-90°), the inner angle 
moderately to strongly rounded. 

Body slender, the depth 3.0 (2.95-3.2) in SL; body 
thin, the width (thickness) 4.0 (4.1-4.65) in body 
depth; head length 4.45 (4.4-4.65) in SL; no caudal 
peduncle; depth of caudal-fin base 1.8 (1.65-1.85) in 
HL; snout not overlapping or projecting anterior to 
lower lip when mouth closed; snout length 3.0 
(2.85-3.05) in HL; preorbital length 3.35 (3.15 -3.5) 
in HL; eye diameter 6.8 (6.3-6.7) in HL; least 
vertical interorbital width 9.0 (8.6-10.5) in HL; 
upper eye overlapping one-third (one-fifth to one- 
half) of lower eye; a horizontal line projected 


Table 10 Proportional measurements of type specimens of Leptachirus polylepis as percentages of the standard length. 



Holotype 




Paratypes 





NTM 

S.14083 

NTM 

S.14083 

NTM 

S.14083 

WAM 

P.32819 

NTM 

S.14083 

WAM 

P.3281 

NTM 

S.14083 

NTM 

S.14083 

Standard length (mm) 

58.9 

38.9 

49.6 

51.4 

53.2 

57.0 

59.0 

61.2 

Body depth 

33.3 

31.5 

32.5 

33.1 

33.4 

31.8 

32.4 

31.2 

Body width 

8.3 

7.5 

7.0 

7.8 

7.7 

7.2 

7.7 

7.6 

Head length 

22.5 

22.6 

22.2 

22.4 

22.1 

22.2 

22.0 

21.4 

Snout length 

7.5 

7.7 

7.8 

7.7 

7.5 

7.6 

7.2 

7.5 

Preorbital length 

6.7 

7.2 

7.0 

7.0 

6.8 

6.9 

6.3 

6.3 

Eye diameter 

3.3 

3.6 

3.5 

3.4 

3.4 

3.3 

3.4 

3.3 

Interorbital width 

2.5 

2.3 

2.4 

2.5 

2.1 

2.1 

2.3 

2.6 

Upper-jaw length 

5.9 

6.7 

6.4 

6.4 

6.0 

6.5 

5.9 

5.8 

Depth of caudal-fin base 

12.5 

12.9 

13.0 

13.2 

13.1 

12.0 

13.3 

13.1 

Predorsal length 

6.0 

5.6 

6.0 

5.9 

5.9 

5.5 

6.2 

5.9 

Preanal length 

24.9 

23.1 

23.4 

25.0 

23.2 

23.2 

24.6 

23.2 

Prepelvic length 

19.2 

18.8 

19.3 

19.4 

18.3 

17.9 

18.7 

18.2 

First dorsal ray 

6.4 

6.4 

6.3 

5.4 

5.9 

5.7 

5.5 

6.5 

Longest dorsal ray 

11.4 

12.5 

12.2 

11.5 

11.2 

10.8 

10.2 

11.1 

First anal ray 

6.0 

5.9 

6.2 

6.3 

6.6 

6.7 

6.5 

6.3 

Longest anal ray 

11.5 

12.9 

12.5 

11.7 

11.4 

10.9 

10.5 

11.3 

Caudal-fin length 

22.5 

23.5 

24.0 

23.6 

21.9 

21.6 

22.2 

21.2 

Pelvic-fin length 

7.6 

7.6 

8.1 

7.8 

7.9 

7.7 

7.1 

7.9 


The full museum number for the holotype is NTM S. 14083-007, and for the five NTM paratypes, NTM S.l4083-013. The 
full number for the two WAM paratypes is WAM P.32819-001, 
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anteriorly from upper end of gill opening passing 
nearly one eye diameter below lower eye. 

Mouth inferior, the jaws strongly curved; 
posterior corner of jaws reaching a vertical through 
anterior edge of pupil of lower eye, the upper-jaw 
length 3.8 (3.4-3.7) in HL; a dense curved band of 
villi form teeth on blind side of both jaws; tubular 
anterior nostril in slight depression at edge of upper 
jaw before dorsal edge of lower eyes, shorter than 
diameter of its base, and tapering slightly; posterior 
nostril an oblique slit in labial groove covered by 
skin anterior to base of lower eye; anterior nostril of 
blind side a strongly tapering tubule in a depression 
above upper jaw nearly one-half distance to end of 
upper jaw, its length shorter than diameter of its 
base; posterior nostril of blind side a flattened 
tapering tubule about half size of anterior nostril, 
dorsoposterior to anterior nostril, the internarial 
distance 1.3 times eye diameter. 

Scales ctenoid on both sides, with 7-10 (usually 8 
or 9) prominent cteni extending well beyond scale 
edge; scales on ocular side before eyes of snout 
small with about 3 cteni, replaced above anterior 
nostril by naked area with scattered brown cirri 
(more slender on Mary River specimens); scales on 
blind side of head becoming fleshy with short cteni 
anteriorly, and replaced by papillae before posterior 
end of jaws; eyes separated by 3 (3-4) rows of 
scales, with 3-4 rows of smaller scales extending 
onto medial edges of eyes; no cirri directly on 
anterior edge of snout or ventral edge of head, but 
series of short slender cirri present on blind side 
nearly to edge; a series of about 20 slender short 
cirri along opercular edge of gill opening of blind 
side (difficult to see on some specimens without 
staining), but none on ocular side. 

Lateral line straight on both sides along middle of 
body, with a short ventral preopercular branch on 
ocular side of head, and a short straight anterior 
part projecting toward upper eye; a faint pale line 
(evidently sensory, but with no obvious pores) from 
above the point of branching, passing forward just 
dorsal to upper eye, and ending a short distance 
before eye; a thin cephalodorsal sensory line on 
ocular side from front of snout, passing posteriorly 
below base of dorsal fin, and indistinctly onto 
anterior body; lateral line extending with pores into 
caudal fin along dorsal edge of tenth ray about 
three-fourths distance to posterior fin margin; 
lateral line on blind side dividing to two rows of 
sensory papillae at level of posterior edge ot 
preopercle, diverging to front of snout; 
cephalodorsal branch of lateral line on blind side 
indistinct on about anterior half of body; zone 
between dorsal branch of lateral line and 
cephalodorsal branch crossed by about 20 temporal 
commissures of sensory papillae mixed with cirri; a 
broad mixed zone of papillae and cirri on ventral 
part of blind side of head, with a preopercular 


sensory branch extending to lateral line at 
branching point; about nine oblique sensory 
branches linking ventral part ot mandibulo- 
opercular and preopercular branches centrally on 
head and continuing to lower part of mouth; a 
separate, less oblique transverse branch about two- 
fifths distance to dorsal end of gill opening, and a 
sensory line connecting preopercular branch to 
corner of mouth. 

Basal sheath of three or four rows of small scales 
on dorsal and anal fins; progressively smaller scales 
extending out rays and membranes of about basal 
half of caudal fin; tiny scales, still with cteni, 
continuing out on rays about two-thirds distance to 
posterior margin; dorsal and anal rays on both sides 
with a thin membranous ridge extending more than 
half way to ray tips, much broader on blind side, 
finely scaled on ocular side; no cirri on ridge edges; 
distal end of dorsal and anal rays as a short filament 
except for first few rays. 

Origin of dorsal fin anterior to ventral third of 
upper eye, the predorsal length 3.7 (3.5-4.05) in 
HL; first dorsal ray 3.5 (3.3-4.15) in HL; longest 
dorsal ray 1.95 (1.8-2.15) in HL; origin of anal fin 
below base of seventeenth dorsal ray, the preanal 
length 4.0 (4.0-4.35) in SL; first anal ray 3.75 (3.3- 
3.85) in HL; longest anal ray 1.95 (1.75-2.1) in HL; 
anus anterior to first anal ray; genital papilla at 
base of first anal ray, dorsoposterior to anus; 
caudal fin 4.45 (4.15-4.7) in SL; origins of pelvic 
fins adjacent; pelvic fins not diverging posteriorly, 
the last membrane of each fin ending at base of 
anal papilla; second pelvic ray longest, reaching to 
or slightly beyond base of first anal ray, 2.95 (2.7- 
3.1) in HL. 

Colour of ocular side of hoiotype in alcohol 
brown, faintly mottled with small darker brown 
spots; three longitudinal rows of dark brown spots, 
most of which are vertically elongate: a row of 
seven spots on body below base of dorsal fin, the 
last small, with three small spots dorsally on head; 
a ventral row of seven spots above anal fin, the first 
two as groups of spots, and the last small; a row of 
seven spots along lateral line, the second and fourth 
largest; dorsal and anal fins pale yellowish, the rays 
brown, becoming pale distally; groups of two to 
four rays with a broad dark brown streak, mainly 
basally, some in alignment with dark brown spots 
on body; scaled basal part of caudal, fin coloured 
like body with basal row of dark brown blotches, 
the largest centred below lateral line; rest ot fin pale 
yellowish with faint dark spots; pelvic fins pale 
yellowish brown. Colour of blind side pale orangish 
brown, the head a little darker. 

Etymology 

This species is named polylepis from the Greek 
meaning many scales, in reference to its very high 
lateral-line scale count. 
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Remarks 

Leptachirus polylepis was collected from the East 
Alligator, South Alligator, West Alligator, Mary, 
and Adelaide Rivers in the Northern Territory of 
Australia, all of which empty into Van Diemen's 
Gulf to the east of Darwin. The holotype came from 
the Cannon Hill Lagoon of the East Alligator River; 
it is freshwater, but occasionally gets tidal input. 
Barramundi Creek of the South Alligator River, the 
locality for the 54 mm paratype, is freshwater. The 
remaining localities are estuarine or freshwater 
subject to tidal input (Helen K. Larson, pers. 
comm.). 

The five paratypes of NTM S. 14083-013 were 
removed from one lot of 195 specimens. The 
remaining 190 specimens, NTM S. 14083-014, 40.7- 
63.8 mm, are not designated as paratypes. 

One other species of the genus, L. darwinensis, 
was also found in the East Alligator, South 
Alligator, and Adelaide Rivers. The two species are 
completely separated by lateral-line scale counts: 
90™93 for L. darwinensis , compared to 103-111 for 
L. polylepis ; also L. darwinensis has a lower 
average count of dorsal and anal rays, a slightly 
deeper body, and slightly longer median fins. 

Gut material was noticed partially extruded from 
the anus of the 58.5-mm specimen of L. polylepis 
from the East Alligator River. It proved to be the 
remains of hemipteran insects. 

Leptachirus robertsi sp. nov. 

Figure 9; Tables 1-4,11 

Aseraggodes klunzingeri (non Weber, 1988) 
Roberts, 1978: 69 (Fly River). 

Holotype 

USNM 217314, female, 65.0 mm, Papua New 
Guinea, Western Province, tidal creek on right side 
of Lower Fly River, 1 km upriver from D'Albertis 
Island, 8°12'54"S, 142°3'54"E, 0-1.0 m, rotenone, 
T.R. Roberts, 13 December 1975. 

Paratypes 

USNM 217313, 2: 32.2-35.0 mm, Papua New 
Guinea, Western Province, Lower Fly River, creek 
strongly influenced by tides, directly east of upriver 
end of Tidal Island, 236 km upriver from Toro Pass, 
7°59'18"S, 142°0'36"E, rotenone, T.R. Roberts, 11 
December 1975; BMNH 2007.2.9.1, 30.6 mm, BPBM 
40506, 52.7 mm, NTM S.16389-001, 33.5 mm, and 
USNM 389200, 12: 19.5-71 mm, all with same data 
as holotype; WAM P.28150-010, 34.5 mm, Papua 
New Guinea, small turbid side branch of the Lower 
Fly River near Cassowary Island, about 260 km 
from the sea, 7°52’S, 141°50’E, rotenone, G.R Allen 
and D. Balloch, 15 September 1983; WAM P. 28151- 
006, 3: 22.5-34.3 mm, Papua New Guinea, small 
turbid slow-flowing creek, about 1 km from Burei 


River (a tributary of the Lower Fly River), about 215 
km from the sea, 8°12'S, 142°1'E, rotenone, G.R. 
Allen and A. Maie, 16 September 1983. 

Diagnosis 

Dorsal rays 66-74; anal rays 50-57; pelvic rays 4; 
lateral line on ocular side of head with a ventral 
branch of 5-7 pored scales, the remaining horizontal 
anterior part with 4-5 pored scales; lateral-line 
scales to point of branching on head 78-87, 
including 8-9 anterior to upper end of gill opening; 
vertebrae 38-40; dorsal pterygiophores anterior to 
fourth neural spine 8-9; body slender, the depth 
3.0-3.15 in SL; head length 4.0—4.25 in SL; caudal- 
peduncle absent; eye diameter 5.7-8.1 in HL; least 
vertical interorbital width 11.2-26.0 in HL; scales of 
body of adults with 8-12 cteni (mostly 9 or 10); 
longest dorsal ray 1.8-2.15 in HL; caudal fin 3.8-4.3 
in SL; origin of pelvic fins adjacent on ventral edge 
of body, the fins attached posteriorly to base of anal 
papilla; pelvic fins short, reaching base of first anal 
ray, 27-2,9 in HL; ocular side brown, finely mottled 
with darker brown, with three longitudinal rows of 
dark brown spots of eye size or smaller, one below 
dorsal fin, one above anal fin, and one along lateral 
line; dorsal and anal fins dusky yellowish the rays 
more heavily pigmented, some with sections in 
outer part still darker; basal scaled part of caudal 
fin coloured like body, the rest of fin pale yellowish 
with scattered faint small dark spots. Largest 
specimen, 71.4 mm SL. 

Description 

Dorsal rays 70 (66-74), anal rays 52 (50-57), dorsal 
and anal rays of adults finely branched except a few 
anterior rays of dorsal fin; caudal rays 18, 14 
branched, and 12 double-branched in adults (none 
double-branched in small juveniles); pelvic rays 4, 
none branched (except one anterior ray of 52.7-mm 
paratype); lateral-line scales on ocular side 82 (78- 
87), including 9 (8-9) between a vertical at upper 
end of gill opening and ventral branch of lateral 
line on head; pore scales of ventral branch 6 (5-7); 
pored scales anterior to ventral branch 5 (4-5); 
scales above lateral line on ocular side about 30, 
including 3-4 small scales on base of dorsal fin; 
scales below lateral line about 34, including 3-4 
small scales on base of anal fin; vertebrae 10 + 30 (10 
+ 28-29); only erisma before tip of second neural 
spine; space between second and third neural 
spines with 5 pterygiophores; space between third 
and fourth neural spines with 2 (2-3) 

pterygiophores, hence a total of 8 (8-9, usually 8) 
dorsal pterygiophores anterior to fourth neural 
spine, with erisma counted as 1. Ventroanterior 
margin of urohyal forming an angle of about 80° 
(80-90°), the inner angle moderately to strongly 
rounded. 

Body slender, the depth 3.1 (3.0-3.15) in SL; body 
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Figure 9 Holotype of Leptachirus robertsi sp. nov., USNM 217314, 65.0 mm SL, Fly River, Papua New Guinea. 


thin, the width 4.2 (3.95-4.6) in body depth; head 
length 4.0 (4.15-4.25) in SL; caudal peduncle absent; 
caudal-peduncle depth 1.9 (1.8-2.0) in HL; snout 
not overlapping or projecting anterior to lower lip 
when mouth closed (except on juveniles); snout 
length 3.0 (2.75-2.95) in HL; preorbital length 2.65 
(2.65-3.45) in HL; eyes small, the eye diameter 8.1 
(57-7.7) in HL; eyes close together, the least vertical 
interorbital width 14.7 (11.2-26.0) in HL; upper eye 
overlapping two thirds (one-third to three-fourths) 
of lower eye; a horizontal line projected anteriorly 
from upper end of gill opening passing an eye 
diameter (one-half to one eye diameter) ventral to 
lower eye. 


Mouth inferior, the jaws strongly curved; maxilla 
nearly or just reaching a vertical at anterior edge of 
pupil of lower eye, the upper-jaw length 2.95 (2.8- 
3.1) in HL; a dense curved band of villiform teeth 
on blind side of both jaws, broadest centrally; 
tubular anterior nostril at edge of upper jaw in front 
of dorsal part of lower eye, not reaching cutaneous 
edge of eye when laid back, and only slightly 
tapered; posterior nostril an oblique slit in labial 
groove covered by skin anterior to base of lower 
eye; anterior nostril of blind side a short tapering 
fleshy tubule a nostril diameter above upper jaw, 
nearly one-half distance to end of jaw; posterior 
nostril of blind side a tapering flat tubule nearly 


Table 11 Proportional measurements of type specimens of Leptachirus robertsi as percentages of the standard length. 



Holotype 



Paratypes 




USNM 

217314 

BMNH 

07.2.9.1 

WAM 

P.28151 

WAM 

P.28150 

BPBM 

40506 

USNM 

389200 

Standard length (mm) 

65.0 

30.6 

33.8 

34.5 

52.7 

71.4 

Body depth 

32.4 

32.7 

31.6 

33.7 

32.2 

31.8 

Body width 

7.7 

7.5 

8.0 

7.3 

7.8 

7.6 

Head length 

25.1 

23.5 

24.0 

23.5 

23.9 

24.2 

Snout length 

8.4 

8.6 

8.4 

8.0 

8.5 

8.8 

Preorbital length 

6.9 

8.8 

8.3 

6.9 

7.1 

7.0 

Eye diameter 

3.1 

3.8 

3.1 

4.1 

3.7 

3.2 

Interorbital width 

1.7 

2.1 

1.9 

0.9 

1.9 

2.1 

Upper-jaw length 

8.5 

7.9 

7.8 

8.4 

8.6 

8.4 

Caudal-peduncle depth 

13.1 

13.1 

11.9 

12.2 

12.2 

12.8 

Caudal-peduncle length 

0 

0 

0 

0 

0 

0 

Predorsal length 

7.1 

6.4 

6.4 

6.1 

7.3 

7.0 

Preanal length 

26.9 

26.1 

26.3 

26.6 

26.7 

26.7 

Prepelvic length 

21.7 

19.6 

21.0 

20.5 

19.9 

21.1 

First dorsal ray 

6.3 

6.2 

6.1 

6.2 

5.6 

6.1 

Longest dorsal ray 

11.8 

12.9 

13.0 

12.6 

11.4 

11.3 

First anal ray 

7.3 

6.5 

6.6 

6.2 

6.7 

7.5 

Longest anal ray 

12.2 

13.0 

13.2 

12.9 

12.3 

11.4 

Caudal-fin length 

25.0 

broken 

26.1 

23.2 

24.7 

23.2 

Pelvic-fin length 

8.6 

8.3 

8.5 

8.7 

8.8 

8.4 
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one-half eye diameter in length, dorsoposterior to 
anterior nostril, the internarial distance greater than 
diameter of lower eye. 

Scales ctenoid on both sides, with 8-12 cteni 
(mostly 9 or 10 on ocular side of adults and 6-8 on 
juveniles); scales on ocular side of snout small, 
fleshy, with rudimentary cteni, extending to above 
front edge of anterior nostril; snout before anterior 
nostril and below level of dorsal edge of upper eye 
covered with thick translucent tissue; scales on 
operculum of blind side of head of holotype with 
5-10 cteni, becoming more fleshy and with fewer 
cteni anteriorly, and entirely as small papillae a 
short distance behind posterior end of jaws; eyes 
separated by 3 rows of scales, with a few rows of 
small scales extending onto medial and anterior 
edges of eyes; slender cirri anteriorly on blind side 
of snout and ventral side of head nearly to edge, the 
longest little more than pupil diameter; a series of 
short slender cirri along opercular edge of gill 
opening of blind side, but none on ocular side. 

Lateral line straight on both sides along middle of 
body, with a short ventral preopercular branch on 
head of ocular side, the anterior part projecting 
toward upper eye; a cephalodorsal sensory line on 
ocular side submarginal to front of snout (where 
indistinct) passing posteriorly at base of dorsal fin 
and onto anterior body; lateral line extending with 
pores into caudal fin along dorsal edge of tenth ray 
about three-fourths distance to posterior fin margin; 
cephalic sensory system of blind side as described 
for genus, with about 16 temporal commissures 
(sensory lines alternating with bands of cirri, those 
anteriorly close together and difficult to count) 
linking dorsal cephalic branch of lateral line with 
cephalodorsal line along base of dorsal fin. 

Basal sheath of three or four rows of small scales 
on dorsal and anal fins; base of caudal fin with 
progressively smaller scales extending about three- 
fourths distance to margin of fin, those more than 
half way as tiny scales, still with a few cteni, along 
edge of rays; dorsal and anal fins on both sides with 
a fleshy membranous ridge, well developed on 
blind side, extending more than half way to ray tips, 
but disappearing on posterior rays; ridges present 
only on anterior rays of ocular side; no cirri on edge 
of ridges; ridges of ocular side with very small 
scales, but none on blind side; distal ends of 
anterior dorsal rays not filamentous. 

Origin of dorsal fin anterior to ventral edge of 
upper eye, the predorsal length 3.55 (33-3.7) in HL; 
first dorsal ray 4.0 (3.95-4.25) in HL; longest dorsal 
ray 2.1 (1.8-2.15) in HL; origin of anal fin below 
base of fifteenth dorsal ray, the preanal length 3.7 
(3.75-3.8) in SL; first anal ray 3.45 (3.2-3.95) in HL; 
longest anal ray 2.05 (1.8-2.1) in HL; anus anterior 
to first anal ray; genital papilla at base of first anal 
ray, dorsoposterior to anus; caudal fin 4.0 (3.8-43) 
in SL; origins of pelvic fins adjacent on ventral edge 


of body, the fins not diverging posteriorly, the last 
ray of each fin ending at anterior base of anal 
papilla; pelvic fins short, the third pelvic ray 
longest, just reaching base of first anal ray, 3.1 (2.7- 
2.85) in HL. 

Colour of ocular side of holotype in alcohol 
brown, finely mottled with darker brown; three 
longitudinal rows of dark brown spots smaller than 
eyes, one below base of dorsal fin, one above base 
of anal fin, and one on lateral line.; spots of 
periphral rows numerous, indistinct, and tending 
to be vertically elongate; row on lateral line with 
only three distinct spots; dorsal and anal fins pale 
dusky yellowish, the rays more heavily pigmented; 
basal two-fifths of caudal fin coloured like body, 
the rest of fin pale yellowish with scattered small 
brown spots on rays; colour of blind side pale tan 
without markings. 

Etymology 

This species is named for Tyson R. Roberts who 
collected the holotype and most of the paratypes. 

Remarks 

Leptachirus robertsi is presently known only from 
the Lower Fly River of Papua New Guinea and the 
Burei River, a tributary of the Lower Fly River. It 
was collected from small turbid creeks. Gerald R. 
Allen (pers. comm.) reported the following species 
of fishes that were obtained in the Lower Fly River 
with the 34.5 mm WAM paratype of L. robertsi: 
Nematalosa sp., Ambassis agrammus, Lutjanus 
goldiei, Toxotes chatareus, Glossogobius sp. Eleotris 
melanosoma, and Prionobutis microps. He collected 
the following fishes at the Burei River station with 
the three small WAM paratypes: Oligolepis 
acutipennis, Redigobius bikolanus , Taenioides 
cirratus , Eleotris fusca, Ophieleotris aporos, and 
Prionobutis microps. 

Because of the similarity in colour pattern and 
meristic data, this species was first believed to be 
Leptachirus kikori. More careful comparison with 
the latter, however, revealed a larger head, longer 
snout, and larger jaws than in L. kikori. This species 
also lacks a caudal peduncle, although in L. kikori 
the caudal peduncle can be so short that it is 
difficult to measure. In addition, the fleshy ridges 
on the dorsal and anal rays of the ocular side of L. 
kikori are well developed except posteriorly, but 
weakly developed and only anteriorly on the rays 
of L. robertsi. 


Leptachirus triramus sp. nov. 

Figure 10; Tables 1-4,12 

Holotype 

NTM S. 11543-004, male, 39.6 mm, Australia, 
Northern Territory, Victoria River, Wattie Creek, 
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17°24'S, 130°52’E, 0-2 m, P. Homer, 13 November 
1984. 

Paratypes 

NTM S.11543-009, 43.0 mm, same data as 
holotype; WAM P.20608-001, 4: 42.3-59.1 mm. 
Western Australia, Ord River, Stockyard Pool, 
16°20'S, 128°50'E, R.J. McKay et al. t 4 October 1971; 
BPBM 40455, 2: 42.2-45.3 mm, USNM 387647, 2: 
42.0-42.4 mm, and ZMB 33738, 2: 42.2-49.3 mm, 
same data as WAM P.20608-001; WAM P. 30067- 
007, 4: 44.5-52.0 mm, Ord River, 17°25'S, 128°46'E, J. 
Woinarski, 21 November 1989; QM 1.38113, 3: 28.4- 
39.0 mm. Northern Territory, Daly River crossing at 
concrete causeway, 13°46.2'S, 130°42.5’E, S. Hurley, 
7 May 2007. 

Diagnosis 

Dorsal rays 65-72; anal rays 50-56; lateral-line 
scales 71-84; pelvic rays 4 or 5 (usually 4); lateral 
line on ocular side of head with three branches; 
vertebrae 36-38; dorsal pterygiophores anterior to 
fourth neural spine 7-11; body slender, the depth 
2.85-3.15 in SL; caudal peduncle absent or 
extremely short; head short, the length 4.7-5.15 in 
SL; eye diameter 4.8-S.5 in HL; interorbital width 
9.55-10.7 in HL; longest dorsal ray 1.7-2.0 in HL; 
caudal fin 3.95-4.1 in SL; ocular-side pelvic fin 
anterior to blind-side fin; ocular-side pelvic fin 
joined by membrane to base of genital papilla, the 
fin of blind side joined to blind-side of anal papilla; 
pelvic fins reaching base of second anal ray, 2.3-2.6 
in HL; no scales extending out on dorsal and anal 
rays; colour of ocular side in alcohol light grey- 


brown, with many small blackish spots, and three 
longitudinal rows of blackish blotches of about 
twice eye diameter; dorsal and anal fins pale with a 
dark middle streak on rays; caudal fin with small 
dark spots on rays. Largest specimen, 59.1 mm SL 

Description 

Dorsal rays 71 (65-72), anal rays 54 (50-56), most 
dorsal and anal rays branched (first 14 dorsal rays 
and first three anal rays of holotype unbranched); 
caudal rays 18, 12-14 branched, (14 in holotype), 
most of these double branched (12 in holotype); 
pelvic rays 4 (4 or 5; nine paratypes with 4 rays on 
both sides; six with 4 on ocular side, 5 on blind 
side; and one with 5 on both sides); no pelvic rays 
branched; lateral-line scales 76 (71-84), including 6 
before a vertical at upper end of gill opening, then 
forming three branches, the upper (7 pores on 
holotype) angling dorsoanteriorly about 115° to 
posterior lateral line, the middle branch (5 pores on 
holotype) continuing toward ventral part of upper 
eye, and the third branch ventrally (10 pores of this 
branch counted on holotype); scales above lateral 
line on ocular side about 23, including 3 on base of 
dorsal fin; scales below lateral line about 27, 
including 3 on base of anal fin; vertebrae 9 + 27 (9 + 
28-29); 2 (2, rarely 3) dorsal pterygiophores, 
including erisma, before tip of second neural spine; 
space between second and third neural spines with 
4 (3-6) pterygiophores; space between third and 
fourth neural spines with 3 (2-3) pterygiophores, 
hence a total of 9 (7-11) dorsal pterygiophores 
anterior to fourth neural spine. Ventroanterior 
margin of urohyal forming an angle of about 85° 



Figure 10 Holotype of Leptachirus triramus sp. nov., NTM S. 11543-004, 39.6 mm SL, Victoria River, Northern 
Territory, Australia. 
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(75-85°), the inner angle slightly to moderately 
rounded. 

Body slender, the depth 3.0 (2.85-3.15) in SL; 
body thin, the width (thickness) 3.95 (3.75-4.75) in 
body depth; head short, the length 5.0 (4.7-5.15) in 
SL; caudal peduncle depth 1.65 (1.55-1.8) in HL; 
caudal-peduncle length varying from nearly 0 (CL¬ 
IO) in HL; snout overhanging lower lip when 
mouth fully closed, the dorsal profile of snout 
abruptly ventroanterior to front of lower lip; snout 
length 2.6 (2.5-2.8) in HL; preorbital length 2.65 
(2.65-2.7) in HL; eyes of moderate size, the eye 
diameter 4.8 (4.9-5.95) in HL; least vertical 
interorbital width 9.55 (9.6-10.7) in HL; upper eye 
overlapping one-half (one-third to two-thirds) of 
lower eye; a horizontal line projected anteriorly 
from upper end of gill opening passing about one- 
half eye diameter below lower eye. 

Mouth inferior, the jaws strongly curved; maxilla 
reaching a vertical through anterior edge of pupil 
of lower eye, the upper-jaw length 2.8 (3.25-3.5) in 
HL; a band of villiform teeth on blind side of both 
jaws in about 4 rows at maximum width; tubular 
anterior nostril in front of upper half of lower eye, 
its length about equal to diameter of base and only 
slightly tapered; posterior nostril an oblique slit 
covered by thin skin anterior to base of lower half 
of eye; anterior nostril of blind side a short, strongly 
tapered tubule no longer than its base, above upper 
lip nearly one-half distance from front to end of 


upper jaw; posterior nostril of blind side posterior 
and slightly dorsal to anterior nostril, the intemarial 
distance equal to eye diameter, the tubule similar in 
shape to anterior nostril but smaller, flattened, and 
directed posteriorly. 

Scales ctenoid on both sides, those of ocular side 
with 6-10 prominent cteni; scales on ocular side of 
snout smaller, with fewer cteni, and none before 
anterior nostril; scales of blind side with 5-8 cteni; 
scales smaller and with fewer cteni on blind side of 
head, absent before anterior nostril; eyes separated 
by only one row of small scales, discounting those 
extending onto medial edges of eyes; no series of 
cirri along anterior edge of snout, though fine cirri 
on blind side nearly to edge; a series of about 35 
fine cirri on blind side near edge of head between 
mouth and gill opening, the longest on chin about 
one-third eye diameter; a series of about 15 small 
cirri along opercular edge of gill opening of blind 
side, but none on ocular side. 

Lateral line straight on both sides along middle 
of body, branching on head of ocular side as 
described in Diagnosis, the middle branch 
projecting toward dorsal edge of upper eye; lateral 
line extending with pores into caudal fin along 
dorsal edge of tenth ray three-fourths distance to 
posterior fin margin; cephalic sensory system of 
blind side as described for genus, with about 10 
temporal commissures (sensory lines alternating 
with broad bands of cirri) linking dorsal cephalic 


Table 12 Proportional measurements of type specimens of Leptachirus triramus as percentages of the standard length. 



Holotype 



Paratypes 




NTM 

S.11543 

WAM 

P.20608 

BPBM 

40455 

WAM 

P.20608 

WAM 

P.20608 

WAM 

P.30067 

WAM 

P.20608 

Standard length (mm) 

39.6 

42.3 

45.3 

47.2 

47.5 

51.7 

59.1 

Body depth 

33.1 

33.2 

32.7 

31.6 

31.7 

32.3 

35.1 

Body width 

8.4 

8.5 

8.3 

8.4 

8.4 

6.8 

8.7 

Head length 

20.1 

21.3 

19.4 

20.1 

20.0 

20.3 

20.3 

Snout length 

7.8 

7.6 

7.0 

8.1 

7.4 

7.8 

7.2 

Preorbital length 

7.6 

7.8 

7.2 

7.4 

7.4 

7.5 

7.6 

Eye diameter 

4.2 

3.6 

3.9 

4.1 

4.0 

3.9 

3.4 

Interorbital width 

2.1 

2.0 

1.8 

2.1 

2.1 

2.0 

1.9 

Upper-jaw length 

7.1 

6.4 

5.5 

6.2 

6.2 

5.8 

5.9 

Caudal-peduncle depth 

12.2 

12.4 

11.6 

11.5 

11.4 

13.2 

11.1 

Caudal-peduncle length 

0.1 

0.1 

0 

0.1 

0.1 

0.1 

0.1 

Predorsal length 

5.6 

6.1 

5.7 

5.8 

5.3 

4.9 

5.1 

Preanal length 

20.8 

21.1 

20.0 

21.0 

20.8 

20.9 

20.2 

Prepelvic length 

15.7 

16.2 

15.3 

15.2 

14.8 

15.4 

14.2 

First dorsal ray 

6.8 

7.1 

6.6 

6.8 

6.2 

6.4 

6.6 

Longest dorsal ray 

12.2 

11.9 

11.0 

11.0 

11.5 

10.7 

10.1 

First anal ray 

5.6 

6.8 

5.5 

6.1 

5.8 

6.1 

5.1 

Longest anal ray 

12.5 

12.1 

11.1 

11.2 

11.8 

10.7 

10.4 

Caudal-fin length 

25.3 

24.8 

24.4 

24.8 

24.3 

24.3 

24.6 

Pelvic-fin length 

7.8 

9.4 

8.4 

8.3 

8.5 

8.2 

8.3 


The full museum number for the holotype, is NTM S.l 1543-004; for the paratypes, WAM P.20608-001 and WAM 
P.30067-007. 
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branch of lateral line with cephalodorsal line along 
base of dorsal fin. 

Basal sheath of three rows of small scales on 
dorsal and anal fins; base of caudal fin with seven 
rows of progressively smaller scales, then tiny 
scales, still with cteni, continuing out on rays; 
dorsal and anal rays on both sides with a 
membranous ridge extending more than half way 
to ray tips (less developed posteriorly) no scales 
extending onto rays, and no cirri on edges of ridges; 
anterior rays of dorsal fin without filamentous tips. 

Origin of dorsal fin (base of first ray) anterior to 
ventral edge of upper eye, the predorsal length 3.6 
(3.4-4.15) in HL; first dorsal ray 2.95 (2.95-3.2) in 
HI ; longest dorsal ray 1.7 (1.75-2.0) in HL; origin of 
anal fin below base of eighteenth dorsal ray, the 
preanal length 4.8 (4.75-5.0) in SL; first anal ray 3.6 
(3.15-4.0) in HL; longest anal ray 1.6 (1.75-1.95) in 
HL; anus anterior to first anal ray; caudal fin 3.95 
(4.05-4.1) in SL; origin of ocular-side pelvic fin 
adjacent to second ray of blind-side fin; second 
pelvic ray longest, reaching base of second anal ray, 
2.6 (2.3-2.5) in HL; genital papilla small, at dorsal 
edge of anus, and joined to last membrane of 
ocular-side pelvic fin; pelvic fin of blind side ending 
at ventral edge of anal papilla. 

Colour of ocular side of hoiotype in alcohol light 
grey-brown mottled with many very small dusky 
blotches and dark brown spots of one-scale size; 
three longitudinal rows of larger dark blotches 
consisting of two to six dark brown scales within a 
dusky blotch: one row of six blotches below base of 
dorsal fin, one of five blotches above base of anal 
fin, and a row of six largest blotches along lateral 
line (with a few lesser spots between); lateral line 
nearly white; membranes of fins translucent; rays of 
dorsal, anal, and pelvic fins pale yellowish with a 
dark brown streak of variable length basally on 
membranous ridge, on some rays extending to 
three-fourths ray length; caudal fin with small dark 
spots on rays forming six indistinct curved 
transverse rows; colour of blind side pale yellowish 
without dark markings, except small dark spots of 
caudal fin of ocular side visible on blind side. 

Etymology 

This species is named triramus from the Latin tri 
for three and ramus for branch, in reference to the 
three branches of the lateral line on the ocular side 
of the head. 

Remarks 

This species was first collected from VVattie Creek, 
Victoria River, Northern Territory of Australia, and 
two localities in the Ord River, Western Australia 
(only about 100 km separate the mouths of the 
Victoria and Ord Rivers). All three localities are 
freshwater sites. In May 2007, Shane Hurley 
collected three live soles of this species from the 


Daly River, Northern Territory at night in a 
moderately fast part of the river by placing a scoop 
net in the shallows on sand and disturbing soles 
u pair rent from the net. They were sent to Gordon 
Stables in Cairns and from him by Fenton Walsh to 
Jeffrey W. Johnson of the Queensland Museum. 
Having been a reviewer of this manuscript, Johnson 
recognized them as Leptachirus tri ramus and 
provided counts of dorsal rays, anal rays, and 
lateral-line scales. The specimens are now' QM 
para ty pes, and his counts were added to the present 
description and tables. 

Two lots from the West Baines River, Northern 
Territory, NTM S. 14132-002, 18: 32.0-41.2 mm 
(15°4LS, 129°54'E) and NTM S. 14134-005, 13: 33.8- 
50.8 mm (15°57'S, 129 44'L), both freshwater 
localities with tidal effect during extremely high 
tides, are provisionally identified as Leptachirus 
triramus and not designated as paratypes. Counts 
of dorsal rays, anal rays, and lateral-line scales were 
made on the 20 largest specimens of both lots. The 
dorsal and anal fin-rav counts are within the range 
for typical L, triramus , but the lateral-line scale 
counts are distinctly lower, ranging from 70-76, 
compared to 71-84 for typical L. triramus. Vertebral 
counts were taken from x-rays of the 13 specimens 
of NTM S.14134-005. The counts ranged from 37- 
39, with a strong mode at 38; therefore an average 
of one more vertebrae than the remaining 
specimens. This was unexpected because the West 
Baines River drains to the Victoria River. Additional 
collections within the Victoria River system should 
be made and genetic study of the populations 
initiated. 

Leptachirus triramus is easily distinguished 
from all other species of the genus by having 
three instead of two branches of the lateral line 
on the ocular side of the head, the ocular-side 
pelvic fin attached to the base of the genital 
papilla, larger eyes, lower average vertebral 
count, and no scales extending out on the dorsal 
and anal rays. These characters might suggest the 
classification of this species in a distinct genus. 
However, there is even more variation of major 
characters within the 47 species of the similar 
ge n us Aseraggodes . 

Three branches of the lateral line on the ocular 
side of the head, and the attachment of a pelvic fin 
to the base of the genital papilla are also found in 
Aseraggodes normani. However, the dorsal branch 
of the lateral line on the head of A normani is not 
directly above the ventral preopercular branch, as 
in /. triramus, and its pelvic fins are both attached 
by common membrane to the genital papilla. Other 
characters of normani, such as its much deeper 
body (2.3-2.55 in SL), weakly ctenoid scales, fully 
scaled snout, cirri on the dorsal and anal rays, and 
much larger size, readily provide complete generic 
separation. 
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Abstract - A new soleid fish, Aseraggodes crypticus , is described from two 
specimens, 35.7-48.6 mm in standard length, collected from 15-25 m at 
Christmas Island, Indian Ocean. Previously confused with A. melanostictus 
(Peters), it is distinct in having 76-79 dorsal-fin rays, 56-59 anal-fin rays, 66- 
70 lateral-line scales, no branches of the lateral line on the head, 37 vertebrae, 
12-13 dorsal pterygiophores anterior to the fourth neural spine, no caudal 
peduncle, pelvic fins free from anal fin and genital papilla, and a strongly 
variegated ocular-side colour pattern. 


INTRODUCTION AND METHODS 

Allen and Steene (1979; 65) reported Aseraggodes 
melanostictus (Peters) from one specimen taken in 
16—18 m at Christmas Island in the eastern Indian 
Ocean, adding that it was a new record for the 
Indian Ocean. Allen and Steene (1988: 156, upper 
right figure) illustrated the species in colour from a 
second specimen from Christmas Island. The two 
specimens are deposited in the Western Australian 
Museum, Perth (WAM). 

On learning that Aseraggodes melanostictus 
(Peters) is known only from the holotype taken in 
78 m off the island of Bougainville (Randall, 2005; 
Randal! and Gon, 2005), Allen re-examined his 
Christmas Island specimens and decided they were 
incorrectly identified. The specimens were sent on 
loan to Randall who recognised them as an 
undescribed species. We describe this new sole 
here. 

Methods of counting and measuring specimens 
follow Randall (2005). 

SYSTEMATICS 

Family Soleidae 

Genus Aseraggodes Kaup 

Aseraggodes Kaup, 1858: 103 (type species 
Aseraggodes guttulatus Kaup) 

Diagnosis 

Dorsal-fin rays 58-79; anal-fin rays 39-61; caudal- 
fin rays typically 18 (usually 14-16 branched in 
adults); no pectoral fins; pelvic-fin rays normally 
56; lateral-line Scales 39-96 (including those 
extending onto head); no gill rakers; vertebrae 33- 


40; 7-16 dorsal pterygiophores anterior to fourth 
neural spine; body depth 2,0-2.8 in SL; head length 
2.9-5.1 in SL; eyes on right side, elevated, separated 
by a narrow scaled space; upper eye in advance of 
lower eye (rarely directly above); eyes small, 3.8-83 
in head length; caudal peduncle, if present, very 
short; two nostrils on each side, the anterior nostril 
of both sides tubular, not more than one eye 
diameter in length; posterior nostril of ocular side a 
narrow opening in labial groove before lower eye, 
covered dorsally by skin or membrane; scales small, 
ctenoid; a straight lateral line midlaterally on both 
sides of body; branches of cephalic laterals system 
on blind side often obscure, the cephalodorsal 
branch (supratemporal branch of some authors) 
from front of snout along base of dorsal fin 
generally the most evident; a very small sensory 
pore, usually at end of a small papilla, on snout 
above base of tubular anterior nostril at about level 
of ventral edge of upper eye; gill membranes 
united, free from isthmus, the lower part of head 
scaled over from ocular to blind side; mouth ventral 
and small, the jaws strongly curved; a band of 
villiform teeth on blind side of jaws, but not on 
ocular side (except one to two rows of tiny teeth on 
ocular side of upper jaw of A. dubius ); dorsal fin 
originating anteriorly on snout, the first ray not 
prolonged; no pore at base of dorsal and anal rays; 
caudal fin not connected by membrane to dorsal 
and anal fins, the fin rounded (may seem rhomboid 
if ravs not spread), the fin length 27-5.8 in SL; 
pelvic fins on ventral edge of body, close together 
anteriorly/ the origins adjacent or with ocular-side 
fin slightly anterior; anus anterior or \ ent roan tenor 
to first anal ray; sciatic part of urohyal forming an 
angle of about 60 to 90 c to horizontal main part of 
bone. 
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Aseraggodes crypticus sp. nov. 

Figure 1; Table I 

Holotype 

WAM P.28990-020, 35.7 mm, Indian Ocean, 
Christmas Island, 10°26'S, 105°40’E, 15-25 m, 
rotenone, G.R. Allen and R.C. Steene, 20 May 1986. 

Paratype 

WAM P.26108-016, 48.6 mm, Christmas Island, 
Flying Fish Cove, 10°29'S, 105°40'E, 16-18 m, 
rotenone, G.R. Allen and R.C. Steene, 30 May 1978. 

Diagnosis 

Dorsal-fin rays 76-79; anal-fin rays 56-59, all 
dorsal and anal rays branched except for first few 
dorsal rays; lateral-line scales 70-76; vertebrae 37; 
dorsal pterygiophores anterior to fourth neural 
spine 12-13; body depth 2.2-2.45 in SL; head length 
4.05-4.15 in SL; caudal peduncle absent; snout 
length 2.85-2.9 in head length; eye diameter 5.35- 
5.9 in head length; interorbital space narrow, 12.4- 
17.2 in head length; longest dorsal ray 1.6-1.7 in 
head length; caudal fin 4.15 in SL; pelvic fins not 
connected to anal fin or genital papilla, reaching 
base of third anal ray, 1.9-2.0 in head length; most 
scales of body with 10-12 cteni that project well 
beyond scale margin; ocular-side of snout fully 
scaled, the scales progressively smaller anteriorly, 
the cteni replaced anteriorly by small cirri; ocular 
side when fresh mottled pale yellowish and light 
brown with many irregular dark brown blotches. 

Description 

Dorsal rays 79 (76), branched except first few 
dorsal rays; anal rays 59 (56), all branched; caudal 
rays 18; all but uppermost and lowermost branched, 
14 (16) double-branched; pelvic rays 5, all branched; 


lateral-line scales 70 (76), including 8 anterior to a 
vertical at upper end of gill opening; no branches of 
lateral line on ocular side of head; scales above 
lateral line about 25; scales below lateral line about 
27; vertebrae 37; dorsal pterygiophores before 
fourth neural spine 13 (12), with 3 pterygiophores, 
including the erisme, before tip of second neural 
spine, 6 (7) in space between second and third 
neural spines; and 3 in space between third and 
fourth neural spines; ventroanterior margin of the 
urohyal forming an angle of about 80°, the inner 
angle broadly rounded. 

Proportional measurements as percentages of SL 
provided in Table 1. Body depth 2.45 (2.2) in SL; 
body greatly compressed, the width 4.9 (5.6) in 
body depth; head length 4.15 (4.05) in SL; no caudal 
peduncle (base of last anal ray below or posterior to 
base to of lowermost caudal ray); depth of caudal- 
fin base 1.75 (1.85) in head length; snout length 2.85 
(2.9) in head length; preorbital length 3.2 (4.0) in 
head length; eye diameter 5.35 (5.9) in head length; 
eyes separated by a narrow concave space, the least 
vertical interorbital width 17.2 (12.4) in head length; 
upper eye overlapping one-half (seven-eighths) of 
lower eye; upper end of gill opening at level of a 
line passing about one-half eye diameter below 
lower eye. 

Mouth inferior, the jaws strongly curved; maxilla 
extending a little posterior to a vertical at anterior 
edge of pupil of lower eye, the upper-jaw length 3.0 
(2.95) in head length; jaws on blind side with a band 
of very small villiform teeth in about 6 rows at 
widest place, the teeth in about posterior three- 
fourths of lower jaw and about posterior half of 
upper jaw; tubular anterior nostril slender, in front 
of upper edge of lower eye, reaching dark edge of 
eye when depressed posteriorly, its length about 
equal to eye diameter; posterior nostril of ocular 
side a small aperture in groove below front of lower 



Figure 1 Holotype of Aseraggodes crypticus sp. nov., WAM P.28990-020, 35.7 mm, Christmas Island. Photograph by 
G.R. Allen. 
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eye; anterior nostril of blind side a very slender 
tubule just above upper lip nearly to middle of 
upper jaw, its length equal to about one-halt eye 
diameter; posterior nostril of blind side a short 
strongly tapering tubule nearly an eye diameter 
dorsoposterior to anterior nostril; an indistinct 
small sensory pore with a fleshy rim above front of 
base of anterior nostril at level of ventral edge of 
upper eye. 

Scales ctenoid, most on body with 10-12 cteni that 
extend well beyond edge of scales; scales on ocular 
side of snout progressively smaller anteriorly, soon 
losing cteni, those anteriorly and in a broad ventral 
zone of blind side of snout and ventral edge of head 
with numerous slender cirri, none longer than pupil 
diameter; opercular edge of gill opening on blind 
side with a row of slender cirri that are 
progressively shorter dorsally; cirri on ocular side 
of edge of gill opening present only ventrally; eyes 
separated by two rows of scales, with one to four 
rows of small scales extending onto medial and 
anterior edges; a broad zone of fleshy papillae 
above and below mouth on blind side; lateral line 
straight on both sides along middle of body, on 
ocular side in alignment with upper eye when 
projected forward; cephalic lateralis system of blind 
side obscure except cephalodorsal branch that 
continues basal to dorsal fin about half way back on 
body. 

Dorsal and anal fins with a basal sheath of two 
to three rows of scales, followed by progressively 
smaller scales that extend well out on rays 
anteriorly on blind side, progressively fewer 


Table 1 Proportional measurements of the holotype 
and paratype of Aseraggodes crypticus sp. 
nov. as percentages of the standard length 



Holotype 

Paratype 


WAM 

WAM 


P28900 

P26108 

Standard length (mm) 

35.7 

48.6 

Body depth 

40.7 

45.3 

Body width 

8.3 

8.1 

Head length 

24.1 

24.7 

Snout length 

8.4 

8.6 

Preorbital length 

7.6 

6.2 

bye diameter 

4.5 

4.2 

Interorbital width 

1.4 

2.0 

Upper-jaw length 

7.0 

8.4 

Base of caudal fin 

13.7 

13.3 

Predorsal length 

5.9 

6.0 

Preanal length 

28.0 

28.1 

Prepelvic length 

20.4 

21.6 

First dorsal-fin ray 

7.0 

7.1 

Longest dorsal-fin ray 

14.9 

14.5 

First anal-fin ray 

8.1 

8.1 

Longest anal-fin ray 

15.0 

14.5 

Caudal-fin length 

24.0 

broken 

Pelvic-fin length 

12.6 

12.3 


posteriorly; scales extending out on dorsal fin of 
ocular side only on about first 20 rays and only 
on first few rays of anal fin; five to six rows of 
progressively smaller scales extending out on 
base of caudal fin, before narrowing to small 
slender scales along rays; a fleshy membranous 
ridge on dorsal and anal rays not well developed; 
no cirri present along edge of dorsal- and anal-fin 
rays. 

Origin of dorsal fin (base of first dorsal-fin ray) 
anterior to upper eye, the predorsal length 4.1 in 
head length; first dorsal ray 3.45 (3.5) in head 
length; longest dorsal-fin ray 1.6 (1.7) in head 
length; origin of anal fin below base of nineteenth 
dorsal-fin ray, the prcanal length 3.55 in SL; anus 
anterior to first anal-fin ray; genital papilla on 
ocular side at base of first anal ray; length of first 
anal-fin ray 3.0 (3.05) in head length; longest anal- 
fin ray 1.6 (1.7) in head length; caudal fin 4.15 in SL; 
origin of pelvic fins close together on ventral edge 
of body, the prepelvic length 4.9 (4.65) in SL; third 
and fourth pelvic rays longest, reaching base of 
third anal ray, 1.9 (2.0) in head length. 

Colour of ocular side of holotype in alcohol pale 
yellowish with numerous very irregular dark 
brown blotches, the largest mainly in three 
longitudinal rows, one below dorsal fin, one above 
anal fin, and one along lateral line; median fins with 
brown blotches along base; colour of blind side pale 
yellowish grey. 

Colour of ocular side of holotype when fresh 
mottled pale yellowish and light brown with many 
irregular dark brown blotches. 

Etymology 

This species is named crypticus from the Greek 
krypto meaning hide or conceal, in reference to the 
concealment provided by the very mottled colour 
pattern. 

Remarks 

Aseraggodes crypticus is presently known only 
from Christmas Island in the eastern Indian Ocean. 
The type series was first identified as A. 
mehmostictus (Peters), a species described in 1877 
from one specimen collected from 73 m off the 
island of Bougainville. Woods in Schultz et al. 
(1966) identified a specimen from the lagoon of 
Kwajalein Atoll in the Marshall Islands as A. 
melanostictus. However, Randall and Bartsch (2005) 
determined that it was a new species, which they 
named A. heraldi. They provided comparison with 
the holotype of Solea melanosticta (ZMB 9814, 72.5 
mm SL) housed in the Museum fur Naturkunde, 
Universitat Humboldt in Berlin. Randall (2005) 
provisionally identified a sole in the Australian 
Museum, AMS L24499-003, 86 .5 mm SL, dredged 
in 115 m near North Reef, Great Barrier Reef (23°8'S, 
152 12 1} as A, melanostictus. 
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Aseraggodes crypticus shares many features with 
the holotype of A. melanostictus. The meristic 
values are sufficently similar to be expected within 
the range of melanostictus if a large series of the 
latter were available. Slight differences in 
proportional measurements could be related to the 
different size of the specimens, with those of A. 
melanostictus being much larger. Two characters 
that positively eliminate A. crypticus as specimens 
of melanostictus are the branched dorsal and anal 
rays (unbranched in A. melanostictus) and the 
absence of cirri along the edges of dorsal and anal 
rays (present in A. melanostictus). 
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Discovery of the pill millipede genus Epicyliosoma (Diplopoda: 
Sphaerotheriida: Sphaerotheriidae) in Western Australia, 
with the description of a new species 


Melinda L. Moir* and Mark S. Harvey 

Department of Terrestrial Invertebrates, Western Australian Museum, 49 Kevv Street, 
Welshpool , Western Australia 6106, Australia. 

^Present address: School of Botany, University of Melbourne, 

Melbourne, Victoria 3000, Australia, Email: mmoirounimelb.edu.au 


Abstract - This paper describes the second species of sphaerotheriid millipede 
to be recorded from Western Australia, Epicyliosoma (Epicvliosoma) sarahae 
sp. now It is restricted to low rainfall biotopes in the southeast coastal 
province of Western Australia and may be under threat from climate change 
and fire. Epicyliosoma sarahae is more restricted within its range than the 
other Western Australian species, the threatened Cynotelopus notabilis jeekel, 
and both species are short-range endemics. 

Keywords: Conservation, Cynotelopus, fire, prescribed burning, short-range 
endemic species 


INTRODUCTION 

In Australia the Sphaerotheriida, or pill 
millipedes, are represented by the family Sphaero¬ 
theriidae. This family is of Gondwanan origin and 
is also present in South Africa, Madagascar, India, 
Sri Lanka, and New Zealand (Jeekel 1974). There 
are three genera in Australia, with the third further 
divided into two subgenera: Cynotelopus Jeekel, 
1986, Procyliosoma Silvestri, 1917, Epicyliosoma 
(Epicyliosoma) Silvestri, 1917, and Epicyliosoma 
(Paracyliosoma) Verhoeff, 1928. All are Australian 
endemic genera, with the exception of 
Procyliosoma , which is also represented in New 
Zealand by five species (Holloway 1956). Jeekel 
(1986) provided keys and/or descriptions to 
distinguish these genera and subgenera. 

Only two species of Sphaerotheriidae have been 
found in Western Australia, and both are 
restricted to the south coast. The first, 
Cynotelopus notabilis Jeekel, 1986, is in a 
monotypic genus which is endemic to high 
rainfall areas of the far southwest (Main et al. 
2002). A second species has been recently found 
east of Esperance, in the southeast coastal 
province, and is described in this paper: 
Epicyliosoma (Epicyliosoma) sarahae sp. nov. This 
is the first record of the genus Epicyliosoma in 
Western Australia, with other species of the genus 
known only from Queensland and New South 
Wales, as far south as Penrith in Sydney (33 44 5. 
15()°45'E). Thus, E. sarahae sp. nov. is the most 
southern species recorded to date of the genus. 


MATERIALS AND METHODS 

The specimens examined here were hand 
collected in the field and preserved in 75% ethanol, 
with one specimen from each site preserved in 
100% ethanol for future DNA analysis. All 
specimens are lodged in the Western Australian 
Museum, Perth (WAM). Specimens were examined 
with a Leica MZ6 stereo microscope, and all images, 
except those in the field, were produced utilizing a 
MZ16 stereo microscope and the package Auto¬ 
montage Pro version 5.02(p) (Syncroscopy, 
Cambridge, UK). A map of species distribution was 
produced in A review GIS Version 3.1 
(Environmental Systems Research Inc.). 
Terminology follows Wesener and Sierwald 
(2005a), except when discussing male genitalia. 

SYSTEMATICS 

Family Sphaerotheriidae C.L. Koch, 1847 

Genus Epicyliosoma Silvestri, 1917 

Epicyliosoma Silvestri, 1917: 68. Type species: 
Zephronia alhertisii Silvestri, 1895, by 
subsequent designation. 

Remarks 

Epicyliosoma is distinguished from Procyliosoma 
and Cynotelopus , the other two genera present in 
Australia, by the structure of the male genitalia, in 
particular the anterior and posterior telopods. 
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Jeekel (1986) notes that the anterior telopods of 
Epicyliosoma and Cynotelopus feature a large 
prefemur, with reduced femur and tibiotarsus (e.g., 
Jeekel 1986, figure 5; Verhoeff 1928, plate VI, figures 
4 and 6). In contrast, the femur and tibiotarsus of 
Procyliosoma is more developed, whereas the 
prefemur is smaller (e.g., Holloway 1956, figures 10 
and 20). Epicyliosoma differs from Cynotelopus in 
the shape of the posterior telopods. The tibiotarsus 
of Cynotelopus is squat and broad, with a round 
inflated area in the basal half (Jeekel 1986, figure 6), 
whereas Epicyliosoma has a tibiotarsus which is 
long and curved (Figure 7, this paper). 

There are currently 15 species in the genus 
Epicyliosoma , with five in the subgenus Epicylio¬ 
soma , seven In the subgenus Paracyliosoma, and 
three with an uncertain subgeneric status (Jeekel 
1986; Mesibov 2006). The two subgenera can be 
distinguished by differences in the male anal shield 
and the femoral process of the posterior telopods. 
The anal shield of male Epicyliosoma is without 
sexual modification, but with fine scattered setae, 
and the femoral process is approximately the size of 
the tibiotarsus, giving a pincer-iike appearance to 
the posterior telopods (Jeekel 1986). The anal shield 
of male Paracyliosoma has a distinctive line of setae 
down the middle (e.g., Verhoeff 1928, plate VI, 
figure 7), and the femoral process is approximately 
half the length of the tibiotarsus (Jeekel 1986; and 
see Verhoeff 1928, plate VI, figure 5). 

Epicyliosoma (Epicyliosoma) sarahae sp. nov. 

Figures 1-8 

Material Examined 

Holotype 

Australia: Western Australia : 6, Cape Le Grand 
National Park, inland from Thistle Beach, 
34°00’20"S, 122°ir39"E, in soil, 17 November 2006, 
M.L. Moir (WAM T78757). 

Paratypes 

Australia: Western Australia : 5 d, 8 9, Cape Le 
Grand National Park, inland from Thistle Beach, 
34°00T9"S, 122°ir47"E, in soil, 17 November 2006, 
M.L. Moir (WAM T78948). 

Other material examined 

Australia: Western Australia : 4 d, 3 9, 4 

juveniles. Cape Arid National Park, Mt Arid, 
gully, 33°58’15"S, 123°13’22"E, in soil, 16 
November 2006, M.L. Moir & O. Massenbaur 
(WAM T78752, T78753); 4 9,5 juveniles. Cape Le 
Grand National Park, inland from Thistle Beach, 
34°00T9"S, 122°11'47"E, in soil, 17 November 2006, 
M.L. Moir (WAM T78754, T78755); 3 9,1 juvenile, 
Cape Le Grand National Park, Mt Le Grand, 


33°59’49"S, 122°07’13"E, in soil, 27 November 2006, 
M.L. Moir & K.E.C. Brennan (WAM T78758, 
T78759); 3 9,3 juveniles. Cape Arid National Park, 
Mt Arid, gully, 33°58 , 09 H S, 123°12'52"E, in soil, 16 
November 2006, M.L. Moir & O. Massenbaur 
(WAM T78750, T78751); 2 9, Cape Le Grand 
National Park, inland from Thistle Beach, 
34°00’20"S, 122 0 1T39”E, in soil, 17 November 2006, 
M.L. Moir (WAM T78947); 1 9, Cape Le Grand 
National Park, Mt Le Grand, 33°59’25"S, 
122°07 / 35"E, under rock, 27 November 2006, M.L. 
Moir & K.E.C. Brennan (WAM T78791); 1 9, Cape 
Arid National Park, Hill Springs, 33°58’14"S, 
123°14T1"E, wet pitfall trap, 15 November 2005, S. 
Comer (WAM T74781). 

Diagnosis 

Epicyliosoma sarahae differs from all other 
previously named species within the genus by the 
shape of the anterior telopods, the prefemur of 
which lacks a lobe, or projection of any kind, on the 
inner posterior-lateral margin. 

Description 

Body measurements. Length S 10.7 ± 1.3 mm, 9 
14.2 ± 0.8 mm; width 6 4.5 ± 0.6 mm, 9 6.0 ± 0.5 
mm. 

Colour. Tergites and collum olive-green, 
becoming orange towards posterior margins, which 
are dark brown (Figures 1 and 2). Anal shield 
orange (Figures 1 and 4). Head orange mottled with 
olive green, oral margin dark brown to black, 
antennae olive-grey (Figure 3). Ventral surface and 
legs cream to light orange. Tarsi and tarsal spines 
brown. Sclerites of female genitalia, or vulva, dark 
brown (Figure 5). Immature specimens often olive- 
grey dorsally. 

Head and antennae. Antennae with 4 sensory 
cones on the terminal segment. Head with 
scattered setae becoming denser anteriorly, 
towards labrum (Figure 3). Labrum medially 
notched with one labral tooth. Eyes with 
approximately 38 ocelli. 

Body. Legs with 6-8 ventral tarsal spines and one 
supra-apical spine. Anal shield of female smooth, 
anal shield of male without sexual modification, but 
with fine scattered setae (Figures 4 and 6). Lateral 
shields of collum with concave area extending 
along margin from the eye to the posterior edge 
(see arrows. Figures 2 and 3). This depressed area 
contains row of setae extending from the eye to 
beginning of the posterior margin (Figure 3). 
Marginal rim well developed. 

Female genitalia. Distal sclerite of vulva (= 
operculum) triangular, longer than wide. Basal 
margin convex. Remaining two sclerites (= bursa) 
rounded and small. Vulva large, covering coxa of 
2 nd pair of legs (Figure 5). 
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Figures 1-6 Epicyliosoma (Epicyliosoma) sarahae sp. nov.: 1. habitus in field, 2. habitus, lateral view, ventral views of 
3. head, 4. male anal shield, 5. female genitalia, and 6. male genitalia. Key: op, operculum of vulva. 


Male genitalia. Prefemur of posterior telopods 
square with setae along outer edge and ventral 
surface (Figure 7). Femoral process approximately 
equal in size to tibiotarsus, giving pincer-like 
appearance to posterior telopods (Figure 8). 
Anterior margin of tibiotarsus deeply serrated. 
Base of femoral process with setiferous patch on 


dorsal surface (Figure 8). Prefemur of anterior 
telopods comparatively large, without any 
projection along the inner margin (Figure 7). 
Femur and tibiotarsus reduced. Prefemur with 
patch of long setae on inner margins. Tibiotarsus 
with a densely setiferous lobe (Figure 7). 
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Figures 7-8 Epicyliosoma (Epicyliosoma) sarahae sp. nov. male genitalia: 7. ventral view, and 8. dorsal view. Key: atp, 
anterior telopod prefemur; atf, anterior telopod femur; att, anterior telopod tibiotarsus; ptf, posterior 
telopod femur; ptp, posterior telopod prefemur; ptt, posterior telopod tibiotarsus. 


Etymology 

This species is named in honour of ecologist Sarah 
Comer (Department of Environment & 
Conservation, Western Australia), who collected the 
first specimen, and for her ongoing commitment to 
invertebrate conservation along the south coast of 
Western Australia. We suggest "Sarah's pill 
millipede" as the common name. 

Distribution 

A community funded survey of short-range 
endemic invertebrates of the south-west coast 


(South Coast Regional Initiative Planning Team - 
http://www.script.asn.au/), found this species in 
Cape Le Grand National Park (ca. 40 km east of 
Esperance) and in Cape Arid National Park (Figure 
9). The majority of specimens were collected from 
the soil, and perhaps only emerge at night to feed 
on rotting vegetation, as noted for other 
Sphaerotheriidae species by Holloway (1956). Thus 
E, sarahae may have been overlooked by previous 
collectors and may have a wider distribution. One 
of us (MLM) unsuccessfully searched likely habitats 
around Esperance (Duke of Orleans Bay, Mt Ridley, 
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Mt Hey wood, Blue Haven Beach gully, eastern 
beach gullies of Stokes National Park). Unsearched 
potential localities for E sarahae include beach 
gullies at Alexander Bay and Taylor Boat Harbour. 
These localities lie between Cape Arid and Cape 1 e 
Grand National Parks, hence discoveries of E. 
sarahae in these areas would not extend the species 
range. 

Discussion 

The described species is placed in Epicyliosoma 
due to its large prefemur and reduced femur plus 
tibiotarsus of the anterior telopods (Jeekel 1986). 
The species is assigned to the subgenus 
Epicyliosoma due to the morphology of the male 
anal shield which is lacking any sexual modification 
except a band of setae, and the size of the femoral 
process of the posterior telopods, which is 
approximately the same size as the tibiotarsus 
(Jeekel 1986). Epicyliosoma sarahae is unlikely to be 
one of the uncertain species described from more 
than 2000 km away in eastern Australia (Mesibov 
2006), nor is it likely to be Sphaerotherium 
convexum Koch, 1847 (from "Neuholland"), which 
has a predominately orange anal shield (see Koch 
1863, figure 27). Unfortunately, the genitalia of the 


male were not illustrated by Koch in either of his 
descriptions of S. convexum (Koch 1847, 1863), and 
location of the type specimens is unknown. When 
using leekel's (1986) keys, E. sarahae is most similar 
to E, sennae (Silvestri, 1898) (Northern Queensland) 
and E. penrithense (Brolemann, 1913) (New South 
Wales). However, E. sarahae is dearly distinct. For 
example, the absence of a projection or lobe along 
the inner margin of the anterior telopod prefemur 
of E. sarahae contrasts to the strong projection in 
both E penrithense and £. sennae (e.g v Brolemann 
1913, figures 6 and 24, respectively). 

With a total distribution of less than 10,000 km 2 , 
E. sarahae is a short-range endemic (Harvey 2002). 
Cynotelopus notabilis , the only other pill millipede 
recorded from Western Australia, is also a short- 
range endemic and is restricted to the high rainfall 
zone along the south coast (> 1000 mm/'y), 400 km 
to the west of E. sarahae (Main et al 2002; Figu re 9). 
Rainfall in the southeast coastal zone where E. 
sarahae occurs is approximately 600 mm/yr 
(Hopper and Gioia 2004), and although this total is 
higher than that for the surrounding semi-arid 
zones (< 400 mm/y), E. sarahae survives in an area 
with a lower rainfall than that experienced by any 
other Australian sphaerotheriid species. Epicylio- 
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Figure 9 Map of southwestern Western Australia with collection localities of Sphaerotheriida species. 
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soma sarahae seems to prefer thick leaf litter in 
damp, well shaded gullies, close to the coast (< 8 
km inland). Such coastal gullies are wetter and 
have a taller and denser canopy than surrounding 
land, which is dominated by heath and/or mallee. 
Hamer et al. (2006) found two species of 
Sphaerotherium in soil in savanna regions in South 
Africa, although both species are more abundant 
in wetter coastal forests. Epicyliosoma sarahae 
similarly extends into surrounding heath on the 
southern slopes of Mt Arid during the wetter 
months (M. Moir pers. obs.). 

Given its restricted range and its preference for 
damper coastal areas, E, sarahae could be 
threatened with extinction through climate change, 
inappropriate fire regimes and land clearing. Land 
clearing is unlikely to affect known E. sarahae 
populations as all occur in National Parks which 
are protected. Conversely, climate change is highly 
likely to impact E. sarahae populations as rainfall in 
the south-west is predicted to decrease by as much 
as 60% by the year 2070 (Pittock 2003). With respect 
to fire regime, one of the two localities at which E. 
sarahae occurs. Cape Arid, was burnt extensively 
by wildfire in 2004-2005. During dry months E. 
sarahae has only been found in the Cape Arid 
gullies which escaped this fire. These longer 
unburnt gullies were characteristically overgrown, 
were shaded by a dense canopy, and had a deep 
leaf litter layer (M. Moir pers. obs.). Similarly, C. 
notabilis prefers deep leaf litter of karri ( Eucalyptus 
diversicolor) forests that have been unburnt for 
more than 10 years (both authors pers. obs.; Main et 
al 2002). Sphaerotheriidae species elsewhere also 
prefer deep leaf litter, perhaps because decaying 
leaf litter is their main food source (Eastern 
Australia - Jeekel 1981; New Zealand - Holloway 
1956, Meads 1990; Tasmania - Mesibov 2000; 
Madagascar - Wesener and Sierwald, 2005b). As 
Main et al, (2002) pointed out, this raises the 
question of whether local extinction is likely to 
occur under fire regimes featuring short intervals 
between fires and/or high fire intensities. These will 
reduce the leaf litter layer, promote open canopies 
and result in drier micro-climatic conditions. Days 
after one of us (MLM) collected most specimens 
examined here, extensive wildfires caused by 
lightning strikes burned throughout both Cape Arid 
and Cape Le Grand National Parks. Populations of 
E. sarahae have survived these fires in the wetter 
regions, such as the southern slopes of Mt Arid (M. 
Moir pers. obs.). The fires occurred during late 
spring and summer when E. sarahae populations 
were avoiding desiccation by sheltering in the soil 
profile. Thus, fires occurring in later autumn, 
winter or early spring when individuals are more 
active and above ground could be detrimental to 
populations. In the southwest of Western Australia 
most prescribed burns occur in spring or autumn. 


Although there are no current management plans 
for Cape Arid and Le Grand National Parks, a 
proposal suggests implementing a mosaic style fire 
management plan to reduce the effects of large 
intense wildfires (Department of Environment and 
Conservation 2007). If prescribed burns are to be 
implemented in Cape Arid and Le Grand National 
Parks, we strongly recommend that further research 
on the post-burn survival of E. sarahae populations 
be undertaken. Thus of primary importance, and 
initiated by this project, are the development of 
distribution maps of E. sarahae populations. Until 
conclusive results on the effect of fire on popul¬ 
ations, we suggest that the habitat of E. sarahae be 
actively protected from any fires in late autumn, 
early spring or winter. 
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Abstract - The sandhill frog, Arenophyme rotunda , belongs to a monotypic 
genus that occurs on the central coast of Western Australia. It has a highly 
modified body shape with a small head and large front limbs. Members of 
this species burrows forwards through sand substrates. Here we describe a 
new species of Arenophvrne from the Geraldton sand plain that occurs to the 
south of the populations of the type species A. rotunda at Shark Bay, Relative 
to A. rotunda, the new taxon has a more pointed snout, smaller face and eyes, 
larger hands, rougher dorsal surface and darker colouration that matches the 
background colour of the sands on which it occurs. Molecular evidence 
indicates divergence of the two taxa in the late Miocene to early Pliocene, 
approximately 5-6 niya. The western coast of Australia has a complex 
biogeographic history owing to geological activity and changes in sea level 
interacting with extensive sandy areas. Spoliation within Arenophyme on the 
coastal dunes of Western Australia indicates that levels of diversity in 
subterranean groups there may be underestimated owing to conservative 
fusiform morphology of burrowing animals. 

Keywords: cryptic species, frog, fossorial, Geraldton sand plain 


INTRODUCTION 

Southwestern Australia is a biodiversity hotspot 
(Cincotta et al 2000; Myers et al 2000), which is the 
centre of diversity and endemism for many kinds of 
plants and animals (Hopper et al. 1996; Hopper and 
Gioia 2004), including several lineages of frogs (Roberts 
and Watson 1993). Within this region, ancient 
radiations of species have occurred within the two 
oldest families of frogs, the Myobatrachidae and 
Limnodynastidae (Frost et al. 2006). Within the 
Myobatrachidae, one particular monophyletic lineage 
contains three related monotypic genera: Arenophryne 
Tyler, 1976, Myobatrachus Gray, 1841 and Metacrinia 
Harrison, 1927 (Read et al 2001). All are restricted to 
the southwest and have direct-developing voting, 
fossorial habits and do not hop. Metacrinia nichollsi 
crawls among the moist leaf-litter of the southern 
forests, whereas Myobatrachus gouldii and A. rotunda 
have evolved subterranean habits including the 
evolution of a more fusiform shape (small head, short 
limbs, flattened body) and burrow forwards through 
sand. Forwards burrowing in anurans (> 4000 species) 
has evolved independently only a few times: for 
example, species in the microhylid genera Copiula 
Mehely, 1901 and Choerophryne Van Kampen, 1914 of 
New Guinea, Hemisus marmoratus Peters, 3854 from 
Africa, Rhinophrynus dorsalis Dumeril and Bib run, 
1841 from Mexico and Nasikabatrqchus sahyadrensis 


Biju and Bossuyt, 2003 of India. Forwards burrowing 
has presumably arisen only once in the Arenophyme- 
Myobatrachus lineage (Emerson 1976; Men/ies and 
Tyler 1977; Trueb and Cannatella 1982; Davies 1984; 
Tyler 1994). 

“Cryptic" species are good evolutionary species 
that are not recognised as such owing to their 
morphological similarity to one or more described 
forms (Donnellan et al 1993). Taxa with conservative 
morphologies are especially difficult to detect and 
can only be elucidated with genetic techniques or 
large series of specimens to enable morphologists to 
tease out subtle but consistent differences among 
forms. Homoplastic traits (i.e., widely distributed 
traits within a lineage) may be the result of adaptive 
convergence of traits owing to a similar pattern of 
natural selection acting in similar environments. 
Species with adaptations to swimming or burrowing 
are especially likely to harbour cryptic species as 
external morphology becomes more streamlined to 
enable the animals to move more efficiently through 
a liquid medium (i.e., water or sand). 

A recent molecular genetic study by Edwards (2007) 
has revealed significant genetic structuring within 
Arenophryne. FI ere, we present a detailed 
morphological analysis of variation within A. rotunda 
and describe as new a second species to the south of 
the populations of A. rotunda from Shark Bay. 
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METHODS 

Table 1 shows the morphological variables 
measured with their definitions and abbreviations. 
We also calculated the following ratios: HL/SVL, 
HL/HW, ENAN, EN/IO, TibL/SVL, TarL/SVL and 
TarL/TibL. Genetic analyses (Edwards in press) 
indicated a clear disjunction of lineages within the 
range of A. rotunda occurring between Edel Land 
and Coolamia Station (Figure 1). We selected 
approximately 30 adult specimens from within each 
of the regions identified by the genetic analyses of 
each taxon for our morphological comparison. 
Visual examination of the frequency distributions 
of traits indicated no obvious violations of 
normality and heteroscedasticity. A 2-way ANOVA 
of SVL was carried out with region (or "species") 
and sex as factors. We tested whether there were 
significant differences of morphological characters 
with 2-way ANCOVA with species and sex as 
factors and body size (SVL) as the covariate. When 
factors or interactions were significant, we present 
summaries for each category separately in Table 2. 
All specimens from Western Australian Museum 
(WAM prefix excluded from registration numbers). 

RESULTS 

Table 2 summarises the morphological differences 
between Arenophyrne from the two regions. Two 
main differences between the regions were 
apparent. First, individuals from the southern 
region had narrower heads, smaller eyes and 
shorter distances for EN, IO and IN. These 
characters are likely to be highly correlated with a 
reduction in head size. Second, frogs from the 
southern region had significantly larger hands. 
Several characters displayed complex interactions 
or were not significant. Females were larger in both 
taxa, with no difference in body size although the 


interaction term indicated sex differences were 
more pronounced in A. rotunda. Head length 
showed significant main effects and interactions, 
mostly owing to a larger size for A. rotunda 
females. Arm width also showed complex, although 
subtle, interactions. No characters of the rear limbs 
differed significantly between the two taxa. 

Colouration between the two taxa was also 
noticeably different. Northern Shark Bay pop¬ 
ulations are pale white with black flecks (tending to 
form paravertebral rows) and often some red 
flecking. In contrast, southern populations are a 
much darker brown (also with broad darker 
paravertebral rows and some red flecking) with 
usually a dark transocular bar present. 

Based on the morphological observations 
presented above and the molecular genetic analysis 
of Edwards (2007), we describe the southern taxon 
of Arenophyrne as a new species. 

TAXONOMY 

Amphibia 

Family Myobatrachidae Schlegel 1850 
Genus Arenophryne Tyler 1976 

Arenophryne xiphorhyncha sp. nov. 

Southern Sandhill Frog 

Figures 2 and 3 

Material examined 

Holotype 

Australia: Western Australia: WAM R67321. An 
adult female collected at Cooloomia Station, Western 
Australia (27°01'S, 114°19’E -17 km at 240° angle from 


Table 1 Characters measured with abbreviations and explanations. 


Character 

Abbrev. 

Explanation of Measurement 

Adults 

Snout-vent length 

SVL 

From tip of snout to posterior tip of urostyle 

Inter-limb length 

ILL 

From axilla to groin 

Head length 

HL 

From tip of snout to posterior edge of midpoint of tympanic fold 

Head width 

HW 

Width of head at midpoint of tympanic fold 

Eye-naris distance 

EN 

From anterior comer of eye to posterior edge of naris 

Interorbital span 

IO 

Distance between anterior corners of eyes 

Intemarial span 

IN 

Distance between inner edges of nares 

Eye length 

EyeL 

Anterior to posterior comers 

Hand length 

HandL 

Tip of 2 nd finger to proximal edge of palmar tubercle 

Arm width 

ArmW 

Maximum width of forearm 

Tibia length 

TibL 

Measured with leg in natural resting position, from knee to tarsus 

Tarsus length 

TarL 

Measured with leg in natural resting position, from proximal end of tarsus to 
proximal edge of inner metatarsal tubercle 

Foot length 

FootL 

From tip of 4 th toe to proximal end of inner metatarsal tubercle 
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(m) ueraldlon 



Arenophryne 
• rotunda 
A xiphoryncha 

Soil Types 

coastal calcareous sands 
-» Siliceous, yellow and red-brown sands 
■ red earths 

Kilometers 
50 0 50 


Figure 1 Map of coastal Western Australia showing distribution of Arenophryne rotunda and A. xiphorhyncha sp. 
nov. 


Cooloomia homestead) by J. Rolfe, S. D. Hopper, P. J. 
Fuller and K. Cashin on 19 September 1979. 

Para types 

Australia: Western Australia : WAM R67320 and 
R67323 (females) details as for holotype; R123485 and 
R126270 (males) 50 km N Kalbarri - Carnarvon Basin 
survey site ZL5 (27°15’25"S, 114°11 21 "E); R123534 
and R126251 (males) 50 km N Kalbarri - Carnarvon 
Basin survey site ZU4 (27°15’24”S, 114°9'1 P'E); 
R126243 (male) 50 km N Kalbarri - Carnarvon Basin 
survey site ZL ! 2 (27°15'41'’S, 114°1 48 E); R126261 
(female) 50 km N Kalbarri - Carnarvon Basin survey 
site ZU1 (27°15'42' , S, il4°l‘9 ,r E); R165815 (female) 
Sandy Junga Pits {27 C 49'59 , 'S, H4°21'53"E); K165821 
(female) 10 km NW of Murchison House Station 
(27 C, 36'22"S, 114°09'27"H). 

Diagnosis 

A member of the genus Arenophryne based on 
compressed ovoid body shape, small head with 
blunt snout with thickened epithelial tissue, short 


limbs with unwebbed fingers and toes, palmar and 
plantar surfaces bearing numerous tubercles, 
tympanum absent, ground colour not yellow or 
pink, direct developing larvae and forward- 
b u r ro w in g 1 oco m o t io n. 

Arenophryne xiphorhyncha is distinguished from 
A. rotunda by narrower head with sharper canthal 
region, smaller and less protruding eyes, larger 
hands and darker colouration. 

Description 

Holotype 

Measurements (mm): SVL - 30.0; ILL - 15,4; HL - 
7.9; HW - 10.3; EN - 1.6; 1.0 - 4.2; IN - 2.0; EyeL - 
2.8; HandL -6.1; ArmW - 2.8; Tibi - 4.4; TarL - 3.8; 
FootL - 7.1, HL/SVL - 0.26, HL/HW - 0.77, EN/1N - 
0.80, EN/IO - 0.38, TibL/SVL - 0.14, TarL/SVL - 
0.12, TarL/TibL - 0.86. 

Body clorsoventrally compressed and ovoid when 
viewed dorsally (Figure 2A). Skin loose with 
slightly raised bumps and folds scattered along 
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Table 2 Summaries of characters and ratios measured for Arenophryne xiphorhyncha and A. rotunda. MeantS.D. 

(range). N = 30 for both taxa unless noted. See Table 1 for abbreviations. SVL was tested with a 2-way 
ANOVA. 2-way ANCOVAs (factors - species and sex, covariate - SVL) were carried out (see text for 
explanation) and reported in the last column. Unless noted, sex and all species X sex interaction terms were 
not significant with alpha = 0.05. Key: NS - not significant: P > 0.10, (*) 0.05 < P < 0.10, * P < 0.05, ** P < 0.01, 


*** P< 0.001, **** P< 0.0001. 

Character 

A. xiphorhyncha 

N = 30 

A, rotunda 

N = 30 

Statistics 

SVL 

Female (N = 20): 

Female (N = 23): 

s pp- : F >,» - 

= 0.445''- 


30.2+2.8 

32.3±2.9 

Sex: F, m = 

14.811*” 


(26.0-36.0) 

(26.5-39.0) 

Spp. X Sex: F 

1,56 = 4 ' 278 ‘ 


Males (N = 10): 

Males (N = 7): 




28.9±1.7 

27.9±1.4 




(26.5-32.0) 

(26.5-30.5) 



ILL 

12.5+2,1 

13.8+2.0 

Spp.: F, ^ = 

= 2.704 NS 


(9.5-17.1) 

(9.2-19.7) 

SVL: F 534 = 

= 47.8”" 



N-28 



HL 

Female (N=20): 

Female (N=21): 

SPP-:F,W 

= 4.362* 


S.Q+0.4 

8.7±0.6 

Sex: F, . 3 - 

2.531 r} 


(7.2-8.8) 

(7.4-9.6) 

Spp. X Sex: F 

i,53 = 5.167* 


Males (N=10): 

Males (N=7): 

SVL: * 

35.35™ 


7.9±0.6 

7.7±0.3 




(6.9-8.7) 

(7.2-8.1) 



HW 

9.6±0.6 

10.5±0.6 

s PP- : = 

= 44.7**** 


(8.6-10.9) 

(9.1-11.8) 

SVL: F 154 = 

= 30.3**** 



N = 28 



EN 

1.6±0.2 

1.9±0.2 

SPP” F |,S6 = 

= 30.5***’ 


(1.4-2.0) 

(1.7-2.4) 

SVL: F j 56 

- 6.90* 

IO 

4.2±0.2 

5.0±0.3 

S PP” F !% = 

207.8**** 


(3.8-4.8) 

(4.5-5.7) 

SVL: F' = 

1,S6 

= 42.9**** 

IN 

2.0+0.2 

2.2±0.2 

s PP- :F i* = 

s 27.8™ 


(1.7-2.2) 

(1.8-2.9) 

SVL:F,> 

= 16.6™ 

EyeL 

2.9±0.2 

3.4±0.3 

s PP- : F ,.» = 

* 37 _2- 


(2.4-3.4) 

(2.8-4.2) 

SVL:F 156 = 

= 16.1*" 

ArmL 

Female (N = 20): 

Female (N = 23): 

s PP- : f , 55 = 

0.533 NS 


3.1±0.4 

3.0±0.3 

SeX: F ,,55 = 

8.141“ 


(2.4-4.0) 

(2.5-3.7) 

Spp. X Sex: F 

5.167* 


Males (N = 10): 

Males (N = 7): 

SVL:F 1,55 = 

18.85™ 


2.5±0.3 

2.6±0.3 




(2.0-2.8) 

(2.0-2.9) 



HandL 

5.9±0.4 

5.6±0.4 

Spp.: Fj = 

= 18.3™ 


(5.0-6.8) 

(4.8-6.5) 

SVL: Fj = 

= 7.36** 



N =29 



TibL 

5.6±0.6 

5.6±0.7 

SPP” F 1 49 = 

0.358 NS 


(4.4-7.0) 

(4.4-7.2) 

SVL: Fj 49 = 

11.179“ 


N = 28 

N = 25 



TarL 

3.9±0.5 

3.8±0.5 

Spp-: F , 49 = 

0.103 NS 


(3.0-5.0) 

(2.7-4.6) 

SVL:F m4 = 

2.008 NS 


00 

<N 

II 

2 

N = 25 



Foot!. 

7,2+0,5 

7.4±0.6 

SPP- *5,45 = 

0.033 x " 


(6.1-8.4) 

(63-8.4) 

SVL:F W5 = 

11.015" 


N = 27 

N = 22 
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Character 


A. xiphorhyncha 
N = 30 


A. rotunda 
N = 30 


Statistics 


IIL/SVI. 

0.27±0.02 

0.27+0.02 


(0.23-0.29) 

(0.24-0.30) 



H - 28 

FIL/HW 

0.83±0.03 

0,80-0.04 


(0.77-0.90) 

(0.73-0.87) 



\ = 28 

EN/IN 

0.83±0.07 

0.85±0.10 


(0.71 -0.95) 

(0.66-1.20) 

EN/IO 

0.39+0.04 

0.38-0.03 


(0.33-0.40) 

(0.33-0.46) 

TibL/SVL 

0,19±0.02 

0,18±0.02 


(044-0,24) 

(044-0.22) 


N = 28 

N = 25 

TarL/SVL 

0.13±0.02 

043+0.02 


(0.10-0.17) 

(0.09-0.17) 


N = 28 

N - 25 

Tarl./TL 

0.70±0.08 

0.69±0.09 


(0.66-0.88) 

(0.52-0.85) 


N = 28 

N = 25 

body and tending to form vertebral, paravertebral Colouration in preservative 

and dorsolateral ridges; rugose along lateral Light brown dorsum with darker dorsolateral 


surfaces. 

Head small. Snout narrow with moderate canthus 
rostralis (Figure 3C). Thickened epithelial stratum 
corneum covers the end of the snout. Eyes not 
projecting far beyond outline of head or body. 
Nostrils near end of snout and directed upwards. 
Mouth wide, terminating below eyes. Vomerine 
teeth absent. Tongue narrow and long. No visible 
tympanum, but with distinct tympanic fold 
posterior to eye. Raised skin with glandular 
appearance between mouth and forelimbs (Figure 
3A). Urostvle not projecting; cloaca directed 
posteriorly and downwards. 

Limbs massive and extremely short. Forelimbs 
stout and covered in loose skin with elbow barely 
discernible. Hands robust with first three fingers 
extremely thickened and numerous tubercles 
scattered on palm including large palmar tubercle; 
4 th finger extremely reduced (Figure 3F). Fingers 
with strong fringes, including ridges formed on the 
sides of the hand along the palm and inner edge of 
1 st finger and outer edge of 4 th finger. Finger length: 
2>3>1>4. Legs also stout and thick and covered with 
loose-fitting skin. Feet robust with strong fringes 
and numerous tubercles on the plantar surface 
(Figure 3G). Toe length: 4>3>5>2>t ( 1 toe 
extremely reduced to almost the size of the plantar 
tubercle). 


stripes. Dark grey patches on shoulders. Top of 
head pale with almost white snout. Limbs cream 
with pale digits. Belly pale brown with lighter 
cream colour towards flanks; chin cream 
(un pigmented). 

Variation 

Females were larger than males (Table 2), as is the 
case for most anurans. A lack of smaller size classes 
precluded an analysis of size at maturity. Overall, 
there was little variation in head or limb 
proportions among individuals, including no 
pronounced sex-based differences in shape. More 
pronounced body shape differences among the 
preserved specimens was due to the fullness of the 
gut. Many individuals had guts filled exclusively 
with ants which gave them a plump appearance. 
Individuals varied in the rugosity of the skin from 
nearly smooth to raised folds of skin tending to 
form ridges along the dorsolateral stripes (as in the 
holotype). Likewise, ventral surfaces ranged from 
almost smooth to moderately granular, although 
this appeared to vary with the preparation and age 
of specimens. 

Colour in life 

Live A. xiphorhyncha (Figure 2A) have a medium 
to dark brown dorsum with pale limbs, flanks and 
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Figure 2 A, Arenophryne xiphorhyncha sp. nov. from type location (Coolomia Station, Western Australia); 

B, A. rotunda also from the type location (False Well Entrance, Shark Bay, Western Australia). 
Photographs by Brad Maryan. 


snout. There are usually conspicuous darker 
paravertebral stripes on the back, along with dark 
irregular markings. There is a lighter vertebral area 
with a thin clearly demarcated yellow to cream 
stripe running from the back of the head to the 
urostyle where it is more clearly seen. Raised 
tubercles and folds on the dorsum are often tipped 
with the pale ground colour. There are often 
scattered deep red flecks present on the dorsum and 
some yellow flecks present on the sides, especially 
near the groin. The belly is pale with stippling or 
irregular blotching with a semi-translucent 
abdomen. 

Colour in preservative 

Pale to dark brown with irregular light and dark 
flecking and darker vertebral and paravertebral 
longitudinal stripes or bands discernible. Head 
slightly paler than body colour with very pale 
snout. Thin yellowy vertebral stripe visible on 
posterior half of dorsum. Red flecks present only 
on recently-preserved (< 2 y) specimens. Para¬ 
vertebral stripes beige to light-brown to blue-grey, 
from faintly expressed to very dark and 
conspicuous. Vertebral area between paravertebral 
stripes ranges from pale background colour to 
nearly the same darkness as the paravertebral 
stripes in some specimens. Canthal stripe passes 
through eye to continue as dorsolateral stripe. Side 
of head below canthal stripe and eye has the pale 
ground colour. Dorsolateral stripe ranges from a 
thin line angled downwards from shoulder to groin 
with faint stippling below to nearly a solid dark 
stripe along flank. Forelimbs and hands pale. Rear 
thigh and tibia same as dorsal colouration, but with 
pale feet (as for forelimbs and hands). Belly patterns 
were variably stippled with black, but in general 
the pattern was for a pale background upon which 
was darker stippling ranging from diffuse to 
markedly blotched. Stippling was concentrated in 


the center of the belly and faded distally towards 
the head, flanks and legs. 

Etymology 

The specific name is a Latinized version of the 
Greek xiphos (sword) + rhynchos (nose or snout) in 
reference to the sharper snout of A. xiphorhyncha 
compared to A. rotunda. For common names, we 
suggest for A. xiphorhyncha the "southern sandhill 
frog" and for A. rotunda the "northern sandhill 
frog". 

Comparisons with other species 

Arenophryne xiphorhyncha occurs near four 
other myobatrachid frogs on the central western 
coast. Although the call of A. xiphorhyncha is not 
known, many myobatrachids have very similar calls 
consisting of a short harsh rasp, including A. 
rotunda , Myobatrachus gouldii, Metacrinia 
nichollsi, all Pseudophyrne Fitzinger, 1841 and 
many Uperoleia Gray, 1841 (Roberts 1984). We 
anticipate that A. xiphorhyncha will have a similar 
call, although this remains to be documented. 

Pseudophryne guentheri is known from the area 
and can be distinguished from A. xiphorhyncha by 
the following traits: body much less stout, snout 
and eyes more prominent, longer and more slender 
limbs with long fingers and toes, large metatarsal 
tubercles, often large dark blotches on back, 
backwards burrowing, lays eggs. Pseudophyrne 
occidentalis occurs just to the north and east of the 
known distribution of A. xiphorhyncha. In addition 
to the characters listed for P. guentheri, P. 
occidentalis also has an orange patch on the snout 
between the eyes and usually on the elbows and 
rump. 

Myobatrachus gouldii is known to occur just to 
the south (Eradu) of A. xiphorhyncha. It is 
distinguished by its pink to yellow skin, more 
reduced and fusiform head and attains a larger 
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Arenophryne xiphorhyncha 



Arenophryne rotunda 
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Figure 3 Diagrams of the lateral view of the head (A), anterior view (B), dorsal view (C), hands (F) and feet (G) of the 
holotype (WAM R67321) of Arenophyrne xiphorhyncha sp, nov. Anterior (D) and dorsal (E) views of the 
head of A. rotunda are provided for comparison (WAM R68348). 
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body size (50 mm vs. 30 mm SVL in A xipho- 
rhyncha). 

Arenophyrne xiphorhyncha differs from its 
congener A. rotunda by, in general, possessing 
traits indicating a stronger commitment or history 
of burrowing habits. The head of A. xiphorhyncha 
is more streamlined including smaller and less 
protruding eyes, shorter distances between the eyes 
and nostrils, and a sharper snout. The hands of A. 
xiphorhyncha are larger, have more tubercules and 
the ridges on the sides of the hand are more 
developed than those of A. rotunda. The 
colouration of A. xiphorhyncha is much darker than 
that of A. rotunda (Figure 2). 

Habitats, feeding and breeding biology 

Arenophryne xiphorhyncha inhabits sandy 
regions within the Geraldton sandplain. Frogs 
presumably shelter underground during the day, 
and emerge at night to feed on the surface at 
suitable times of the year (autumn - spring). Obser¬ 
vations of gut contents of preserved specimens 
were entirely of ants, but more detailed analyses 
may yield a wider range of prey types. 

Nothing specific is known of the breeding biology 
of A. xiphorhyncha, although the breeding biology 
of A. rotunda is moderately well-known (Roberts 
1984; Anstis et al 2007). In A. rotunda , males call in 
late winter and spring in response to rain. Pairs 
form and spend the summer together when frogs 
are inactive owing to high temperatures and lack of 
rain. Eggs are deposited in autumn in about 80 cm 
of sand and hatch over two months later. 

All previous reports of the biology of 
Arenophryne have been on A. rotunda from Shark 
Bay. Presumably, many of the habits, ecology and 
breeding biology of A. xiphorhyncha will be similar 
to A. rotunda , but further studies need to be con¬ 
ducted to test this supposition. 

Distribution 

Arenophryne xiphorhyncha is only known from a 
broad strip of sandplain north of Geraldton and 
south of Shark Bay, Western Australia (Figure 1). 
The distance between the northern and southern¬ 
most locality records is approximately 120 km. It is 
worth noting that the description of the southern 
Arenophryne as a separate species reduces the 
range of true A. rotunda considerably. 
Arenophryne rotunda is now confined to the white 
coastal dunes from the northern tip of Dirk Hartog 
Island to near the base of the Edel Land peninsula - 
approximately 150 km. 

DISCUSSION 

The detection of a second species within 
Arenophyrne based on molecular genetic results 


and subtle morphological differences between the 
species indicates that there could be other cryptic 
species of frogs and reptiles that show reduction of 
morphological traits owing to adaptations for 
burrowing in sand. For example, species in the 
gekkonid genus Aprasia are subterranean 
burrowers that inhabit the coastal sands in 
southwestern Australia up to the Pilbara region. 
Recent morphological and genetic research has 
revealed many cryptic species within these forms 
(B. Maryan, K. Aplin and M. Adams, unpublished 
data). Western heath dragons (genus Rankinia 
Wells and Wellington, 1985) also exhibit an affinity 
to isolated sandy habitats in the southwest 
(including the unique ability within Australian 
dragons to "shimmy-bury" in the sand - Greer 
1989). Western heath dragon populations showing 
deep historical divergences genetically (Melville 
and Doughty in press). However, the sister group 
to Arenophryne - the obligate sand-dwelling 
forwards-burrowing turtle frogs ( Myobatrachus 
gouldii) - are distributed over a much wider area in 
southwestern Australia, but do not exhibit 
significant breaks in phylogeographic structure over 
their range (S. Keogh, P. Doughty, M. Adams and 
D. Edwards, unpublished data). 

Climate induced sea level fluctuations during the 
Plio-Pleistocene, resulting in coastal dune evolution 
in the region (Hocking et al. 1987), have been 
hypothesised as drivers of speciation within 
herpetofauna of the Shark Bay and wider Carnar¬ 
von Basin region (Storr and Harold 1980; Rabosky 
et al. 2004). Fluctuating sea levels are plausible 
explanations for vicariance in species with disjunct 
populations across the northern Carnarvon Basin, 
such as Rankinia (Melville and Doughty, in press) 
and several other skink and gecko species (Storr and 
Harold 1978, 1980). However, divergence estimates 
dating the split within Arenophryne (Edwards 
2007) suggest that speciation predates the Plio- 
Pleistocene sea level fluctuations. Molecular clock 
estimates can be subject to error (Rambaut and 
Bromham 1998), however, the above date provides 
an estimate that is correlated with known climatic 
and geological changes. 

The formation of the Victoria Plateau, in 
combination with sweeping aridity, is likely to 
have led to the Late Miocene divergence between 
the two Arenophryne species (Edwards 2007). 
During the late Miocene, tectonic instability 
resulted in the reactivation of pre-existing faults 
and the uplift and formation of the Victoria 
Plateau, with the Victoria Plateau uplifted by as 
much as 60m in the Kalbarri region (Haig and 
Mory 2003). The northern border of the Victoria 
Plateau corresponds to the geographic position of 
the genetic break between the two Arenophryne 
species. The thick coastal sand deposits of the Edel 
group (common in the area today) were not 
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formed until the Plio-Pleistoeene (Hocking et al. 
1987), therefore an alternative avenue for dispersal 
would not have been available for obligate sand¬ 
dwelling forms. 

The current distribution of A. rotunda is restricted 
to the coastal white sand dunes along the Edel and 
Shark Bay Peninsulas, while the distribution of A. 
xiphorhyncha covers much more variable in soil 
types (Figure 1). South of the Murchison Gorge, 
populations occur on black sand plain. Immediately 
north of the Murchison Gorge and up to the 
Zuvtdorp coastal region, populations occur on 
yellow sand plain. Further inland of the Zuvtdorp 
coast and up into the Cooloomia region, 
populations occur on siliceous red Sand plain and 
dune systems. The morphological differences 
between A. rotunda and A. xiphorhyncha may be 
representative of a history tied to coastal sands (in 
the case of A. rotunda) as opposed to a history tied 
to sandplain complexes (in the case of A. 
xiphorhyncha). 

When considering the morphology and 
appearance of A. xiphorhyncha with its close 
relatives, it appears to be intermediate between A. 
rotunda and M. gouidii in its commitment to 
burrowing habits. Although A. rotunda is a fully 
subterranean species like the other two, it retains a 
more globular "frog-like" appearance. In contrast, 
A. xiphorhyncha has a smaller head with smaller 
less protruding eyes, shorter distances between all 
facial distances (Table 2) and a sharper canthus, all 
of which present a smaller surface area when 
pushing forwards through the sand. Morphological 
differences between the two Arenophryne species 
may have evolved in response to the relative 
difficulty of pushing through the heavier yellow 
and red calcareous sands of the Gerald ton 
sandplain in the case of A. xiphorhyncha compared 
to the lighter coastal sand dunes that A. rotunda 
inhabits. In M. gouidii the trend for evolution of a 
fusiform shape is even more extreme, with the head 
and eyes extremely reduced producing a bizarre 
appearance for a frog, and providing it with its 
common name - the turtle frog. In addition to 
differences in the head, the hands of A. 
xiphorhyncha were significantly larger than those 
of A. rotunda, presumably to provide a larger 
surface area for pushing sand out of the wav during 
forwards burrowing; \/. gouidii has even larger 
hands continuing this trend (see Davies 1984 - 
Figure 11), and all three species have a reduced 4 th 
finger to produce a broad spatulate hand (Davies 
1984). Colouration also varies markedly between 
the Arenophryne species. With the pale ground 
colour of A. rotunda matching the white sands of 
Shark Bay, while A. xiphorhyncha' s darker brown 
colour matches the darker calcareous sands within 
the Gerald ton Sandplain (Figure 1). The pink to 
yellow pigmentation of AT gouidii is likely due to 


less time spent on the surface, and hence less need 
for the ground colour to match the substrate 
background to avoid predation by visually-oriented 
predators. 

The evolutionary precursor to forwards- 
burrowing through sand may have been the 
craw ling habits of the sister taxon to all three 
burrowing forms, Metacrinia nichollsi. This species 
is similar to Pseudophryne in its ground-dwelling 
habits, including walking or crawling instead of 
hopping. Metacrina lives in deep leaf litter in 
sou 111 west Australia, and diving in to this substrate 
may have led to the development of forwards 
burrowing in Arenophryne and Mvobatrachus. The 
forw'ards-burrowdng asterophryine and spheno- 
phrynine mierohylids of Papua New' Guinea also 
have close relatives that occur in dense leaf litter, 
supporting this supposition (Menzies and Tyler 
1977; Davies 1984). More comparative work on the 
evolution of forwards-burrowdng habits and the 
attendant morphological adaptations such as 
reduced head size, reinforced pectoral girdle, 
increase in arm and hand size, rotation of the angle 
of the limbs for burrowdng and other characters 
would be a fruitful area of study, especially given 
its multiple origins within the anurans (Emerson 
1976; Menzies and Tyler 1977; Trueb and Canatella 
1982). 
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APPENDIX 

Comparative material examined. All specimens from the Western Australian Museum, Welshpool (R prefix 
omitted below). 

Arenophryne xiphorhyncha 

Females - 66444, 121780, 123495, 123497, 123499, 123500, 126244, 126246, 126254, 126259, 126271, 126272, 
126288, 165822. 

Males - 123550, 123560, 126262, 126267, 126278. 


Arenophyrne rotunda 

Females - 55206, 68350, 114066, 114083, 114084, 122520, 126156, 126158, 126159, 146480, 157824, 157825, 
157826, 157828, 157831, 157832, 157833, 157834, 165796, 165804, 165805, 165806, 165809. 

68348, 68349, 87852, 87853, 165803, 165808, 165810. 


Males - 
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Direct development in the Australian myobatrachid frog 
Metacrinia nichollsi from Western Australia 


Marion Anstis 
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Abstract - The development of the myobatrachid frog Metacrinia nichollsi 
from southwestern Australia is described. Metacrinia nichollsi and the related 
myobatrachid direct developing species Myobatrachus gouldii and 
Arenophryne rotunda all differ from Eleutherodactylus coqui in that their 
forelimbs develop internally and emerge later, and they do not have a 
keratinised egg tooth. Eggs of M. nichollsi were found deposited beneath leaf 
litter on dry sand not associated with water and embryonic development is 
completed entirely within the jelly capsule over a period of more than two 
months. Observations on a predatory nematode worm are noted. 

Keywords: Australia, frog, embryo, endotrophic, predatory nematode 


INTRODUCTION 

Endotrophic anurans derive all their 
developmental energy from vitellogenic yolk or 
other parentally produced material (Thibaudeau 
and Altig 1999), unlike typical exotrophic anuran 
larvae that need to feed to gain energy post 
hatching. In taxa with direct development, all 
embryonic development takes place within the jelly 
layers of the egg until a froglet hatches; there is no 
hatched free-living embryo or tadpole. In broad 
reviews of Australian anuran life-histories, Tyler 
(1985) and Roberts (1993) included the Australian 
endotrophic genera Assa, Kyarranus , Philoria , 
Rheobatrachus and the Geocrinia rosea group 
as direct developers. These genera, however, have 
mostly been classified in three different endotrophic 
guilds by Altig and Johnston (1989), but some 
genera are added here to the nidicolous guild as 
follows: nidicolous - Philoria, plus Bryobatrachus 
and Geocrinia rosea group; exoviviparous - Assa; 
paraviviparous - Rheobatrachus. None of these are 
in the specific category of direct developers like the 
microhyiids Gophixalus and Austrochaperina and 
the myobatrachids Arenophryne and Myobatr¬ 
achus. Direct development has arisen in at least 
nine anuran families around the world, showing its 
propensity for occurrence in distantly related 
groups and similarly, the nidicolous guild of 
endotrophs occurs in at least seven families 
(McDiarmid and Altig 1999). In this paper, the 
Australian myobatrachid Metacrinia (closely related 
to Myobatrachus and Arenophryne) is also 
confirmed as an additional direct developer. 

Direct developing embryos differ in many ways 
from both exotrophic tadpoles and from other 
guilds of endotrophs (Altig and Johnston 1989), and 


our knowledge of the taxa with this developmental 
mode typically is lacking in detail. Much of the 
available information is based on three genera with 
a specific concentration on the South American frog 
Eleutherodactylus coqui (Thibaudeau and Altig 
1999; Altig and Crother 2006). Anstis et al. (2007; 
Myobatrachus gouldii and Arenophryne rotunda) 
is the only study involving Australian taxa, but 
provides little information on living specimens. 

Metacrinia nichollsi is a small myobatrachid frog 
restricted to forests in southwestern Australia, 
including a population in the Stirling ranges (Tyler 
et al. 2000). Originally described by Harrison (1927) 
as Pseudophryne nichollsi, it was identified as a 
possible variant of P. bibronii by Parker (Barbour 
and Loveridge 1929). The monotypic genus 
Metacrinia was later erected for this frog by Parker 
(1940), but Blake (1973) proposed the species be 
referred to Pseudophryne and that the genus 
Metacrinia be suppressed. More recently Maxson 
and Roberts (1985) found that Metacrinia and 
Pseudophryne are most closely related to the 
lineage giving rise to Myobatrachus and 
Arenophryne , and retained the genus Metacrinia as 
distinct from Pseudophryne. Further work by Read 
et al. (2001) places Metacrinia as the sister clade to 
Myobatrachus and Arenophryne, while Frost et al. 
(2006) place Metacrinia and Arenophryne in the 
same clade, with Myobatrachus being more 
distantly related. 

Little is known of the breeding biology of 
Metacrinia , as observations of embryonic material 
have been very limited. They live in areas of the 
highest rainfall in southwestern Australia and frogs 
are found mainly among leaf litter or under rotting 
logs in Karri ( Eucalyptus diversicola) and Jarrah (E. 
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marginata) eucalypt forests away from water. They 
can occur in association with nests of the bull ant 
Myrmecia regularis (Barbour and Loveridge 1929; 
Glauert 1945). Driscoll (1998) observed males 
calling perched in bushes up to 50 cm above 
ground, and they also are known to call from 
secluded sites (such as beneath leaf litter) on the 
ground, as well as from burrows made by other 
frog species. Driscoll even reports a female calling 
(with a different type of call) from a shallow 
burrow. Apart from one clutch found with two 
adults beneath a log near Pemberton on 17 March 
1929 by W. S. Brooks (Barbour and Loveridge 1929) 
and another by B. Knight who found a frog with a 
clutch at Springfield near Pemberton on 18 March 
1943 (Glauert 1945), no other embryonic material 
has been previously reported. In his early field 
observations (March 1927), Brooks noted that the 
clutch contained "a pile of 25-30 eggs each about 
3 / 16 inch [4.8 mm] in diameter". This would have 
been the diameter of the external jelly capsule, as 
the developing embryos were not studied with a 
microscope. Brooks states that embryos were active 
with obvious eyes and the capsules appeared to 
have been "rolled in dust to retard evaporation." 
He kept them alive for more than six weeks before 
they died (within their capsules), without reporting 
further observations on their development (Barbour 
and Loveridge 1929). 

Based on these limited early observations, Glauert 
(1945) stated that "eggs are laid in a hollow under a 
log or stone, where they are guarded by the parent" 
and "the eggs develop directly without any tadpole 
stage." Direct development in Metacrinia has been 
considered probable as calling males are not found 
near or associated with water, and the species is 
closely related to the direct developing A. rotunda 
and M. gouldii (Tyler 1976; Maxson and Roberts 
1985). Although some juvenile froglets of 
Metacrinia have been found under leaf litter in 
forest not near water (D. Edwards, pers. comm.), no 
other early material was available for study. 

The recent collection of a single clutch has 
enabled a detailed description of the live 
development of this species (Table 1; Figures 1-5). 
Comparisons are made between the development 
of Metacrinia and A. rotunda and M. gouldii from 
Anstis et al. (2007), and with the well-known South 
American E. coqui. Observations of an attack on one 
embryo by a predatory nematode worm are given. 

MATERIALS AND METHODS 

A single, freshly laid clutch of 15 eggs was 
collected by M. Dziminski at Coalmine Beach 
Caravan Park, 4 km west of Walpole on the 
southern coast of Western Australia on 26 March 
2006. Sand and soil were removed from the egg 
jellies with forceps and a fine sable brush moistened 


with water. Initially the clutch was not separated, 
but after two days, three embryos at the bottom of 
the clutch were found dead and were removed in 
their capsules with fine scissors. The rest of the eggs 
were laid out in a single layer (and some separately) 
on moistened filter paper in a partly covered petri 
dish kept in a darkened area during the day. As the 
eggs were not found in association with water in 
the field, they were only moistened twice a day 
with a drop of rainwater over each. 

To avoid distortion caused by the jelly capsule in 
photographs, it was necessary to immerse embryos 
in water for a few minutes to see them more clearly 
through the jelly. This was done once a day for the 
first four weeks but reduced to once every two or 
three days for a shorter time during later 
development after two embryos appeared to 
develop oedema. Apart from the first two days 
before the clutch was separated, measurements of 
live and preserved embryos were taken with an 
ocular micrometer attached to a Wild M5 
stereoscopic microscope while embryos were 
immersed in water (Appendix 1 and 2). Individual 
specimens at various stages were first anaesthetised 
in 1% chlorbutol solution and then preserved in 
Tyler's fixative (1962) diluted by one third. Material 
was catalogued in the Western Australian Museum 
(WAM R133194). 

The single clutch of 12 eggs collected at 
Springfield, near Pemberton by B. Knight in 1943 
(WAM R8543/44) was examined and comparisons 
with the present clutch were made. Photographs of 
live specimens (Figures 2-5) were taken with a 
Nikon D70 and 60 mm macro lens. To present 
images more clearly, waste yolk material circulating 
inside the vitelline membrane from stage 5 that 
obscured parts of the embryo was edited out in all 
photographs except Figure 4E and F, and also 
Figure 2FI, in which the yolk released as a direct 
result of the worm attack was also retained. 
Drawings of some stages of preserved specimens 
were made with a camera lucida attached to the 
microscope (Figure 1). Preserved specimens were 
stained in a very weak solution of crystal violet 
before drawing. 

The staging system of Townsend and Stewart 
(1985) for E. coqui was used, as this is the only 
direct developing species for which an appropriate 
staging table exists. As this system was devised 
purely for use in the field without a microscope, it 
only stages embryos based on a combination of 
more obvious morphological, behavioural and 
pigmentation features visible macroscopically such 
as cleavage furrows (stage 1), blastopore formation 
to neural folds (stage 2), neural tube (stage 3), first 
limb bud development (stage 4) etc., but numerous 
other features are combined in the classification of 
each of the fifteen stages. To provide more 
information, and to set a basis for future 
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Figure 1 Stages 3-5 and 10 (Townsend and Stewart 1985) of Metacrinia nichollsi. A, stage 3, arrow = ridge below 
stomodaeal depression; B, stage 3, arrow = grooved tail bud and vent; C-D, stage 4, arrows = gill arches and 
vertical groove in lower jaw (C), gill arches and bulges flanking sides of stomodaeal depression, slight 
forelimb bud swelling and hind limb bud (D); E-F, stage 5, arrows = slit in opercular fold over forelimb bud, 
and tail bud; G, stage 10, arrows = small conical ridge on lower lip with tongue above, naris and forelimb 
bulge; H-I, stage 10, oedematous embryo removed from jelly layers, arrows = forelimb bulge and extended 
tail. Scale bar represents 1 mm. 
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descriptions, additional detail (observable with the 
aid of a microsope) on each stage available for 
Metacrinia, are given here. Comparative references 
are made to the hind limb development as staged 
by Gosner (1960) to provide a known point of 
reference and facilitate description of limbs. To 
better simulate environmental conditions, 
temperature was not controlled and ranged 
between 10-19°C and occasionally up to 29°C 
(mean 1& Q C) during the 68 day development period 
in the laboratory. 

RESULTS 

The eggs in the single clutch preserved with the 
adult frog in 1943 (WAM R8543/44) were covered 
with fine sand. Eleven eggs were firmly adherent 
and one was separated. The embryos were at stage 
3 and nonpigmented, with an indistinct head region 
discernable and small swelling in the tail bud 
region. The neural tube was closed and a slight 
stomodaeal depression was visible, but embryos 
were in poor condition after over 50 years in 
ethanol. Mean external dimensions (length x width) 
of four eggs was 3.8 x 3.4 mm (range 3.6 x 3.4 to 3.9 
x 3.5 mm) and four embryos removed from the jelly 
capsule measured 2.8 x 2.4 mm (range 2.8 x 2.2 to 
2.9 x 2.6 mm). The male adult frog found with this 
clutch was sexed by dissection. 

The recent freshly laid clutch of eggs was found 
in dry coastal woodland on the grounds of a 
caravan park about 50 m from a large saltwater bay 
at Walpole. The eggs were under slightly moist leaf 
litter on dry, powdery grey sand with an adult male 
frog sitting on top of the clutch and a spent female 
nearby. Air temperature at 2000 h was H.3°C and 
ground temperature within the nest site was 15.4°C. 
Recent early autumn weather was mostly dry, and 
the annual cooler wet season usually begins in this 
region during May-June. The clutch was 
transported to the laboratory and embryos had 
reached stage 2 when first examined with a 
microscope about six days after they were laid. 
Embryos were difficult to see prior to cleaning 
because the jelly surfaces were mostly covered with 
sandy soil and the eggs were in a pile of up to three 
layers (Figure 2 A, B). 

Dimensions of the clutch were 21 mm long, 16.5 
mm wide and 15 mm high and the clear jelly 
capsules were strongly adherent and could not be 
separated without being cut apart. The jelly was 
slightly viscous and the entire clutch wobbled when 
moved. Three embryos which had died prior to 
stage 3, were removed from the centre of the bottom 
layer of the dutch. After this, the dutch was cut 
apart with fine scissors and laid in a single layer, 
with most still adjoining and some separate. After 
one week, all jelly capsules were individually 
separated and spread out over the filter paper. 


Each embryo is surrounded by two jelly layers. 
The outer narrower layer (Figure 21, bar at A), is 
thinner, much denser and with more visible 
structure than the inner layer (Figure 21 at B), and 
seems to be composed of two zones. Fine, parallel 
lines in the inner zone (Figure 21 at C) of the outer 
layer suggest additional structure. 

Development 

As the spent female was still with the clutch when 
it was collected on 26 March, this date is taken as 
day 1, although it was not possible to initially 
examine embryos with the microscope at this time. 
The first day of observations in the laboratory was 
day 6 when the embryos were at stage 2 (Townsend 
and Stewart 1985). 

Observations on the primary developmental 
features of the head and body, limbs, eyes, tail, 
endolymphatic calcium deposits (ECD), pigment¬ 
ation and behaviour are provided in Table 1 (see 
Figures 1-5), with additional detail provided in the 
text for the development of the mouth, ECD, nares, 
gut, vent and size during development. Some T&S 
(Townsend and Stewart 1985) stages span 1-2 days, 
while others extend over three or more days. 
Developmental descriptions are based on major 
morphological characters visible in live embryos 
using a microscope without dissection from stages 
2-15, supported by additional observations on the 
preserved, stained specimens. Stage 2 embryos were 
only observed and photographed while the entire 
clutch was out of water and still partly obscured by 
soil particles (Figure 2 A, B). 

Mouth 

The mouth begins as a shallow stomodaeal 
depression with a slight ridge below, at stage 3 
(Figure 1A); a broad bulge develops on either side 
of this depression during stage 4 as the 
stomodaeum deepens, broad jaw ridges are visible 
and the lower jaw ridge is medially divided by a 
vertical groove (Figure 1C). The mouth slit begins 
to extend to each side of the head during stages 4 to 
5 and is deepest in the centre, then towards each 
side of the head it becomes narrower and curves 
downwards. During stage 6, the upper and lower 
jaws are formed, the vertical groove in the lower 
jaw closes, and a small pouch-like chin area forms 
in the centre below the lower lip. By stage 7, the 
jaws are more defined, and there is a distinct chin. 
By stage 8, the upper lip projects forwards slightly, 
the mouth slit extends partway around each side of 
the head in lateral view, and the jaws are well 
formed. By stage 9, the tongue is present and the 
lips are more defined and curve downwards at each 
side (anterior view). A small, flexible, slightly 
conical structure (visible when the mouth is open) 
begins to project upwards from the centre of the 
lower lip (Figure 1G) and fits into a small 
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Figure 2 Stages 2-5 (Townsend and Stewart 1985) of Metacrinia nichollsi. A-B, stages 2 and 3, entire clutch, arrow = 
neural folds (A), neural tube (B); C, stage 3, arrow = stomodaeal depression; D-E, stage 4 during rotation, 
arrows = hind limb bud, mouth slit, optic bulge and tail bud; F-K, stage 5 during rotation, arrows = tail bud 
(F), predatory worm and opercular fold over forelimb bud (G), worm beneath and scattered yolk caused by 
worm attack (H), outer jelly layer at A, inner jelly layer at B and jelly density Tines' at C (I), clearer area of 
fluid above now compressed yolk with blood vessels over yolk (J), first pigment around optic region (K). 
Scale bar represents 1 mm. 
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Table 1 Development of Metacrinia nichollsi, T&S = Townsend and Stewart (1985) stages. Day = number of days since 
eggs were laid; Figure nos. in parenthesis. Key developmental changes are highlighted in bold, some are 
indicated by arrows on figures; additional features are described in text. 


T&S Day Pigmentation 


Head, body, limbs, tail, behaviour 


2 6 

(Fig. 2A) 

3 7 

(Fig.lA,B; 

2B,C) 


4 8 

(Fig. 1C,D 
2D) 


9-10 

(Fig. 1C,D; 
2D) 


• ovum nonpigmented, • broad neural folds 
creamy-white 

• neural tube begins to close, medial groove still visible 

• head region and neural tube raised above yolk, form narrow 
'dumbell' shape (2B) 

• no limb buds 

• small tail bud, divided by deep medial groove (IB) 

• neural tube closed, indistinct myotomes 

• head broadens, prominent anterior bulge on each side 

• slight swelling in region of presumptive forelimb bud 

• slight gill arch bulges 

• tail bud more defined, projects slightly downwards just beyond 
yolk, medial groove begins to close 

• embryo re-orients dorsally if capsule tilted 

• rotation begins 

• head region deeper and broader, higher above yolk, area over brain 
slightly arched in lateral view, myotomes just visible along neural 
tube 

• slight hind limb bud swelling on each side of neural tube 
posteriorly 

• swelling in presumptive forelimb bud region slightly thicker 

• optic bulges slightly discernable laterally 

• gill arches more distinct, 3 bulges visible, slight dermal fold 
develops on side of trunk, posterior to gill arch 

• tail bud projects just beyond yolk, extends downwards slightly 
and to right or left, groove above vent region closes 

• continuous rotation (c/2F) in all specimens 


• slight translucent grey 
shadow over mid-brain 
region 

• neural tube pale grey 


11 • head projects slightly forward in anteroventral direction 

(Fig. 2E) * hind limb buds broad and round (similar to Gosner stages 26-27) 

* optic regions slightly more prominent, nonpigmented 

* gill arches less distinct 

• tail bud further down between hind limb buds, bent to right or 
left 

• embryos dorsiflex during first muscular response 


5 12-13 

(Fig. 1E,F; 
2F,G) 


14 (Fig. 2H-K) 


• grey translucent • head lengthens, projects slightly further forward beyond yolk, 

'window' over brain snout broadly rounded in dorsal view, deep and truncate in lateral 

view; neural tube quite raised above yolk 

• hind limb buds longer, plump and oblong (similar to Gosner 
stage 28) 

• opercular fold extends from side of head across forelimb swelling 
and merges onto yolk (2G), forelimb bud partly visible through 
anterior aperture (1E,F) 

• no external gills develop 

• tail bud lengthens down between hind limb buds and extends 
outwards towards vitelline membrane 

• muscular response more vigorous, tail wriggles, head and trunk 
twist 

• rotation (2F) begins to slow in some 


• first appearance of 
melanophores on 
dorsum - fine filiform 
flecks and some 
stippling scattered over 
head and vertebral 
region, not on yolk 


• head region projects further out beyond yolk and slightly 
downwards 

• forelimb buds not prominent, anterior aperture in opercular fold 
begins to close 

• iris faintly pigmented around upper edge, pupil just discernable 

• tail longer, extends to vitelline membrane (21), very narrow, tapers 
to pointed tip, slight dorsal and ventral fin ridges present 

• strong muscular movement - tail bends from side to side right 
around yolk when body is twisted, tip digs hard into yolk, which 
indents at this pressure point 
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T&S Day Pigmentation 


Head, body, limbs, tail, behaviour 


15-16 
(Fig. 2I-K) 


• melanophores 
increase slightly over 
eyes, head (except 
brain), dorsum and yolk 
to anterior end of tail 
muscle (remainder of 
tail pale translucent 
grey) 

• yolk compresses 
downwards (21,J) 

• first vitelline blood 

vessels (2j) 


• head region more developed, projects distinctly beyond beyond 
body and slightly downwards, chin raised above \ oik 

• hind limb buds slightly longer, thick and oblong in shape 

• forelimb buds fully covered, opercular fold extends from base of 
'chin' across bud onto yolk, anterior aperture narrows and closes 

• eyes more defined, lateral, upper rim of iris slightly darker 

• tail extends one-third around circumference of yolk; diminutive 
fins, dorsal fin more defined than ventral fin 

• rotation slows and ceases 


6 17-20 

(Fig. 3A-D) 


• head and trunk mostly 
uniform grey 

• extensive punctate 
melanophores 
dorsolaterally over 
dorsum and yolk, 
entire tail muscle, 
nout, between nares 
to upper jaw 

• pink flush gradually 
increases over yolk 
(beneath 
melanophores) 


• head lengthens downwards, narrow crevice beneath lower jaw and 
yolk; vertebral region broader and lower 

• ECD first become visible as white small spots (3D) 

• hind limb buds bend around yolk, similar to Gosner stages 29-30 

• forelimb buds u-n pigmented, faintly visible beneath body wall 

• eye appears more three-dimensional, cornea clearing, iris more 
densely pigmented except for pale choroid fissure in middle of 
lower half, pupil more distinct 

• tail almost halfway around circumference of body, fins clear, 
remain shallow 

• tail circulation begins - single long vein along length of each fin 
almost to tip 

• embryos can remain laying on side for first time if egg is rolled 
over; very active when disturbed, tail thrashes 


7 21-23 

(Fig. 3E-I) 


• pigment denser on 
head, snout and 
dorsum 

• punctate 
melanophores 
extend two-thirds 
down sides of yolk 
anteriorly, over 
forelimb region and 
across ventral surface 
in narrow' strip just 
below chin 

• few melanophores 
on dorsal fin 


• snout short and blunt, face directed anteriorly, begins to appear 
frog-like 

• ECD extend laterally towards eyes (3E) 

• hind limb buds similar to Gosner stages 31- 32, small paddle now 
formed (3H), slight knee joint constrictions 

• forelimb bulge slightly more prominent beside head, extends to a 
point level with anterior edge of eye (31) 

• heart beating clearly visible through translucent ventral wall (311); 
internal darker areas appear to indicate some development of 
organs (3F) 

• thin, unpigmented ridge down middle of dorsum from behind 
head to origin of dorsal fin (3G) 

• iris black, choroid fissure narrows (3E,I) 

• continuous blood vessel along fins right to tip of tail (3H) 

• embryos very active, tail thrashes; hind limbs move individually 


8 24-27 

(Fig. 3J-L; 
4A-C) 


• pigment denser 

over dorsum, head 
(around brain) 

• dark line of pigment 
across top of nares 
and Paris to eye (31) 

• melanophores 
extend to just above 
foot on hind limbs 
and partly over 
venter at sides 


• head region more frog-like in proportion (3L, 4A) 

• ECD extend laterally to edge of each eye (4C), merge closer 
together medially and slightly posteriorly 

• hind limb paddles similar to Gosner stages 33-34, blood vessel 
around entire edge of foot paddle (4B) 

• shape and length of forelimb visible through body wall (31) 

• eye diameter increases to 1.0 mm, choroid fissure doses 

• first distinct deep gut wall develops across yolk (3L), horse-shoe 
shape laterally (3K) 

• tail at full development, extends about midway around 
circumference of body; circulation much increased, fine network 
of secondary blood vessels across each fin (4B) 

• embryos very active; mouth opens and closes frequently 
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Table 1 (cont.) 

T&S Day Pigmentation Head, body, limbs, tail, behaviour 


9 28-32 

(Fig. 4D-F) 


• metanophores 
denser over head 
(4D), around nares 
and most of upper 
lip; extend over hind 
limbs and partly 
onto feet, ventrally 
across base of yolk 
and over throat 

• first gold flecks on iris 

• fine gold iridophores 
just visible from head 
to middorsal region 


• hind limbs longer, similar to Gosner stages 35 (4E) 

• forelimbs gradually begin to elevate at elbow beneath operculum, 
extend around each side of head to just under chin 

• head region longer; vertebral region flatter except for slight 
'hump' over shoulder region and narrow middorsal ridge (4D) 

• ECD extend in a line around anterior perimeter of mid-brain 
region 

• iris black, pupil clear grey, first gold flecks just visible on iris 

around pupil (4E) 

• tail muscle myotomes visible, fins reduce slightly, main 
longitudinal blood vessel present, smaller blood vessels gone 

• heart beats at 44 beats per minute at 17°C 

• mouth opens frequently, muscles twitch at sides of jaws, lower 
jaw juts forward and back, body twists, tail twitches, feet clasp 
together (4F, c/4H) and move apart 


10 33-36 

(Fig. 1G-I; 
4G-I) 


• pigment denser over 
limbs and feet, snout 
and tail muscle, sides 
of abdomen 

• medial one-third of 
ventral surface 
remains unpigmented 

• iridophore flecks 
across tops of eyes, 
between nares, over 
snout, head and 
dorsum 

• copper-gold flecks 
increase around pupil 


• hind limbs longer, knee joints distinct and bent, toes similar to 
stages 36-37 Gosner, almost 7, length at hatching 

• forelimbs extend beneath chin to each side of heart region (41), 
fingers visible beneath body wall, elbow bulges more 
prominent (1G) 

• ECD form thin white outline around entire perimeter of mid¬ 
brain region, merged dorsally in some (4G) 

• raised area over brain more prominent; middorsal ridge still visible 

• eye diameter 1.1 mm, pupil bluish to black, surrounded by more 
extensive iridophores in some 

• tail still moves abruptly from side to side across body, body 
ventriflexes - base of body and tail moves inwards and upwards 
towards head 

• feet clasp together (4H) and move apart, often slowly, movements 
more subtle and controlled 


11 37-41 

(Fig. 4J-L) 


12 42-49 

(Fig. 5A) 


• ECD mostly obscured 
by pigment 

• iridophores increase 

over iris (4K), snout, 
head and vertebral 
region to base of 
hind limbs 

• few flecks visible on 
tail muscle 

• forelimbs pigmented 


• forelimbs emerge (4J) one at a time (either left or right elbow 
pushes through first), fingers visible but not separated until a day 
after limb emerges (4L) 

• hind limbs longer, toes similar to Gosner stages 37-38 

• ECD merge dorsally, extend right around brain region (4K) 

• eye diameter increases slightly - diameter 1.2 mm 

• forelimbs and hind limbs are moved independently and 
simultaneously, hands thrust downwards (4K); toes twitch, limbs 
move together and apart; mouth quite frequently held partly open 
(4L), tongue moves; body twists quickly to one side 


• melanophore coverage 
complete over dorsum 
and limbs 

• iridophore flecks 
increase over iris, 
head, body and tail 

• dorsal surface of limbs 
and vertebral region 
flushed with pink 


• fingers all clearly distinguishable on forearms, blood vessels 
visible down either side of longest finger 

• legs lengthen, similar to Gosner stages 39-40, extend about one 
third around circumference of yolk, subarticular tubercles visible 
along underside of toes 

• ECD well obscured by pigment, reduced slightly dorsally, still 
present around chondrocranium 

• eyes larger, embryos turn away from light source 

• tail same length, main blood vessels still present 

• embryos actively move around capsule; mouth opened widely and 
shut again, tongue moves forward or back in mouth; hands and feet 
move frequently limbs full length and held in sitting position of 
adult 
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T&S Day Pigmentation Head, body, limbs, tail, behaviour 


13 50-53 

(Fig. 5B C) 


* iridophores extensive 

over head, entire 
dorsum, limbs (above 
and beneath) and tail 
muscle 

• eyelids outlined with 
pale gold (5B) 


• head broad, distinctly frog-like 

• hind limbs more developed, similar to Gosner stage 41 

• eyelids form (5B), eyes lateral and prominent, diameter about 1.2 
mm, iridophores form broad gold ring around pupil, cornea 
protrudes beyond level of body wall 

• tail reduction begins, fins and muscle shrink slightly 

• ECD still partly visible 

• throat undulates in regular adult-like breathing action (observed 
while in water, but may continue out of water); arms and legs more 
flexible, move more freely 


14 54-61 

(Fig. 5D) 


• pigmentation patterns 
now denser and more 
defined 

• gold iridophores more 
concentrated on face 
and eyelids 

• reddish-brown 
apparent on head 

• narrow, pale 
middorsa! stripe to 
base of urostyie 


• limbs fully developed, similar to Gosner stages 42-45 

* head very close to outer wall of unhydrated capsule 

• eyes like adult in shape, diameter 1.4 mm, eyelid more defined 

• tail gradually reduces to small remnant (5D) 

* ECD reduced, mostly obscured by pigment 

* extensive movement within capsule, body twists right around to 
face opposite direction in capsule, leg and arm movement frequent, 

limbs frequently pressed or kicked against capsule, hands and 
feet used to assist turning around within capsule 


15 62-74 

(Fig. 5E-G) 


• urostylar region 
darkens in one 
specimen 

* adult pigment 
becoming evident 


• tail stub visible (5F), then completely resorbed (Gosner 
stages 45-46) 

• hind limbs stretched forwards along full length of body to 
beyond head, then kicked backwards and downwards suddenly 
towards outer jelly layer (5E) 

• embryos assisted to hatch six and nine days after tail resorption 
when yolk was diminished, movement and attempts to hatch 
greatly reduced 

• fluid oozes from vitelline membrane during breaking of egg 
capsule, embryo begins to walk after hatching 


corresponding notch centered on the inside of the 
upper lip. By stage 10, the mouth slit widens and 
the chin is well differentiated. By stage 13, the 
mouth opening extends to a point in line with two- 
thirds across the length of the eye and appears fully 
formed. The conical projection becomes more 
defined during stages 12-15 (Figure 5 C, D), and 
the inner margin of the notch deepens posteriorly 
into a distinct depression by stage 15, into which 
the conical projection fits when the mouth is closed. 
These structures remain in the adult. 

Gut 

The first sign of gut development occurs at late 
stage 5 when the yolk compresses downwards 
creating a translucent, apparently fluid-filled gap 
between the vertebral region and the yolk (Figure 
21, J). This translucent area appears denser and less 
translucent during stage 6. There is a small amount 
of loose yolk material and fine yolk granules 
floating within the vitelline fluid from stage 5, 
most of which forms a clump in subsequent stages 
(4F). The first vitelline blood vessels are visible 
during stage 5 ventrally over the gut (Figure 21—K) 


and these become more extensive and distinct 
ventrally and laterally as the body broadens 
during stage 6 (Figure 3C). By stage 7, some 
internal darker areas are visible above the yolk, 
possibly indicating initial formation of internal 
organs. During stage 8, the initial indication of gut 
wall development is a slight shadow in the left 
side of the yolk. A thick inverted U-shape gut loop 
forms on the left side (Figure 3K), and the first 
distinct gut wall extends across the yolk ventrally 
(Figure 3L). During stage 9, the diameter across the 
abdomen diminishes slightly. The fine, loose yolk 
granules floating within the vitelline fluid were 
observed to circulate slowly until they passed in 
front of the snout (Figure 4E), where they were 
suddenly propelled rapidly downwards over the 
belly. During stage 10, two ventral gut loops are 
visible across the abdomen (Figure 41), and during 
stage 11 the sides develop two inverted U-shaped 
loops, one inside the other (Figure 4K). Three loops 
extend across the abdomen by stages 11-12 (Figure 
4j). At stage 13, the gut loops are narrower and 
during stages 14—15, the yolk begins to diminish 
further. 
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Figure 3 Stages 6, 7 and 8 (Townsend and Stewart 1985) of Metacrinia nichollsi. A-D, stage 6, arrows = hind limb bud, 
first ECD and vitelline blood vessels (A-C), ECD and broader vertebral ridge (D); E-I, stage 7, arrows = hind 
limb bud, ECD, slight choroid fissure in eye (E), narrow middorsal ridge, increased melanophore pigment 
(F,G), pigment around nares, heart, extended tail and vent tube opening (H) forelimb bud beneath 
operculum; J-L, stage 8, arrows = midventral pleat in body wall (cf H) and foot paddle (J), ECD and U- 
shaped gut loop (K), first distinct gut wall (L). Scale bar represents 1 mm. 
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Endolymphatic calcium deposits (ECD) 

The ECD are first visible at stage 6 as a pair of 
small white deposits posterior to the mid-brain (one 
on each side; Figure 3D), and these soon become 
small rounded patches. By stage 7, they extend 
laterally towards the eyes (Figure 3E) and are bright 
white and broader. At stage 8, they merge closer 
dorsally, extend slightly posteriorly down the 
vertebral region and laterally to the edge of each 
eye (Figure 4C). During stage 9, they merge dorsally 
in most embryos (Figure 4D), extend further 
posteriorly and continue in a line around the 
perimeter of the anterior half of the brain region. By 
stage 10, they form a thin white outline around the 
entire perimeter of the brain region (Figure 4K). By 
stage 12, they are well obscured by pigment and 
reduced slightly dorsally, but still present around 
the perimeter of the brain. During stages 13-15, 
they are mostly obscured by pigment and further 
reduced. 

Body Wall 

The body wall appears to develop during stage 5 
and has a whitish tinge, but it gradually becomes 
increasingly translucent during late stage 5 to stage 
12. During stage 5, fine melanophores first appear 
dorsally within the body wall over the head and 
vertebral region (Figure 2K). From early stage 7 to 
stage 11, a narrow, unpigmented pleat or ridge 
extends down the middle of the vertebral region 
from the back of the head to the origin of the dorsal 
fin (Figure 3F, G; Figure 4D) and begins to flatten 
during stage 11. During stage 8, a thin, longitudinal 
'pleat' develops in the body wall down the centre of 
the abdomen (Figure 3H, J) and this flattens during 
stage 9, probably expanding the body wall surface. 
During stages 13-14 the body wall becomes slightly 
thicker and looser, and more translucent and 
flexible folds form across the belly and sides (Figure 
5D); a depression in the body wall is easily made 
when the embryo presses a hand into the body. 

Nares 

The narial pits are first visible at early stage 5, 
when they are directed anteriorly and partly 
perforated and slightly pigmented around the edge 
by three days later. During stages 6-7 they are fully 
perforated with a slight rim, ringed with 
melanophores (Figure 311) and open anterolaterally. 
The diameter of the opening is 0.2 mm by stages 8 
and 9 and they are progressively more pigmented 
around the rim, especially dorsally (Figure 4A). By 
stage 10 they appear fully formed and open 
anterolaterally (Figure 1G). 

Vent 

The vent begins as a shallow, perforated 
indentation in the yolk beneath the tail bud during 


stages 3-4 (Figure IB). By late stage 5, it is more 
defined with a narrow rim around the opening that 
thickens and appears divided posteriorly during 
stage 6 then continuous by stage 7 (Figure 311). The 
opening slightly elongates to just beyond the 
posterior edge of the thighs during stages 9 (Figure 
4E) and 10 and forms into the position of the adult 
during stages 14-15. 

Size during development 

Dimensions of live embryos from the clutch 
raised in the laboratory are presented in Appendix 
1 (morphometric measurements of an anaesthetised 
embryo at stage 10) and Appendix 2 (live embryos 
in capsules from stages 2-15). The first live embryos 
at stages 2 and 3 were measured out of water and 
subject to slight distortion through the jelly, so 
measurements are slightly larger than those of 
embryos a day later at stage 4. The minimum mean 
diameter of 11 embryos at early stage 4, measured 
across the width of the yolk while immersed in 
water was 2.9 mm (range 2.9-3.1). During stage 3, 
the head region projects very slightly beyond the 
yolk. In stage 4, the head and tail bud broaden more 
and project further beyond the yolk (Figures ID; 
2D, E). From stage 4 to early stage 9, the total length 
of the embryo was measured in dorsal view from 
the tip of the snout to the posterior edge of the tail 
bud or curved tail, and width was measured across 
the middle of the yolk. During late stage 9 to stage 
11, when the yolk is slightly reduced, only the 
length is given. Both snout-vent lengths (measured 
in ventral view) and total length including the tail 
prior to full resorption (measured in dorsal view) 
are provided for the two remaining specimens in 
stages 12-15. Two anaesthetised hatchlings at stage 
15 were measured in dorsal view. 

Observations on attack by predatory worm 

During stage 5 on day 11, a thin, translucent 
nematode worm (1.7 mm in length) was observed 
within the jelly capsule encircling the outside of the 
vitelline membrane of one embryo (Figure 2G). By 
day 13, the worm had passed through the vitelline 
membrane and began attacking the embryo at the 
base of the body, behind which numerous yolk 
granules became scattered around the inside of the 
vitelline membrane (Figure 2H). The embryo was 
preserved with the worm in situ. The worm has 
been identified as a member of the family 
Dorylaimidae and probably of the genus 
Dorylaimus > a worm which is found in soil and 
normally attacks plant matter (D. Spratt and M. 
Hod da, pers. comm.). 

Hatchlings 

Specimen 1: six days after tail resorption (day 70). 
Snout short and truncate in lateral view; small clear. 
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Figure 4 Stages 8-11 (Townsend and Stewart 1985) of Metacrirda nichollsi. A-C, stage 8, arrows = narial opening, foot 
paddle with blood vessels, tail fin blood vessels and ECD; D-F, = stage 9, arrows = dense pigment on head, 
ECD and narrow middorsal ridge (D), first gold flecks begin on iris, direction of fast moving yolk granules in 
vitelline fluid after passing over snout, vent (E), clump of yolk granules (F); G-I, stage 10, arrows = ECD and 
forelimb bulge (G), feet clasping and knee joints (H), two gut loops and tail thrashing sideways (I); J-L, stage 
11, arrows = emerging left forearm and 3 gut loops (J), ECD, emerged hand and two U-shaped gut loops (K), 
open mouth and one of two emerged forearms (L). Scale bar represents 1 mm. 
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Figure 5 Stages 12-15 (Townsend and Stewart 1985) of Metacrinia nichollsi. A, stage 12, arrows = hand and foot 
(blood vessels); B-C, = stage 13, arrows = eyelid and conical projection on lower lip; D-F, = stage 14, arrows = 
open mouth with conical projection on lower lip, ventral fold in body wall and tail stub (D), hind limbs prior 
to downward thrust of legs as embryo attempts to hatch, tail stub (E), tail stub (F); G, stage 15, just hatched 
and walking. Scale bar represents 1 mm. 
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slightly conical projection on inside centre of lower 
lip (Figure 5C, D) and corresponding shallow notch 
in upper lip; mouth opening extends laterally to a 
point level with about three-quarters across 
diameter of eye; venter translucent, heart, lungs, 
liver and stomach visible; gut not yet transformed 
into adult intestines; eye diameter 1.1 mm, gold 
iridophores concentrated above and below pupil, 
nictitating membrane present; no tympanum yet 
visible (visible in adult), traces of gold above this 
area. 

Dorsum and limbs densely pigmented; thin, pale 
gold middorsal stripe, dense pale gold defines 
edges of eyelids, coppery-gold stripe vertically 
between nostrils (Figure 5D); ridge of gold-tipped 
tubercles at each end of mouth, gold around edge 
of lower lip and over throat, upper lip has dark 
vertical bars alternating with silvery iridophores; 
fine gold iridophores among melanophores all over 
dorsum, sides of body and limbs, including fingers 
and toes; gold over vent region. 

Specimen 2: nine days after tail resorption (day 
73). Specimen not active during assisted hatching, 
despite stimulation, and yolk much reduced. Began 
to walk a few minutes after release from jelly 
capsule (Figure 5G). 

Pigment differed from specimen 1 as follows; 
dorsum not as dark, snout and lips more uniform 
and much less defined into concentrated areas or 
patterns; gold iridophores mainly above and below 
pupil, not widespread over iris; only a few gold- 
tipped tubercles over edge of eyelid. Specimen 2 
survived for two days after release, but did not feed 
and was then preserved. SVL of two live hatchlings: 
6.4 and 6.3 mm. 

DISCUSSION 

Comparisons between the three Australian 
myobatrachid genera 

The known sites of egg deposition of Metacrinia 
(in dry sand beneath leaf litter or in a hollow under 
a log or stone) differ from those of Myobatrachus 
and Arenophryne , both of which deposit eggs deep 
within sandy subterranean sites (Roberts 1981, 
1984). From documented observations here of Meta¬ 
crinia dutches found with one (a male) or two frogs 
(sex not determined) in attendance, it seems likely 
that at least one frog (most probably the male) 
remains with the eggs during all or much of 
development. The total number of eggs in the three 
known clutches ranged from 12-25 or 30 (mean 17 
or 19), and this is similar to the mean of 25 eggs for 
five Myobatrachus dutches but much larger than 
the mean of 7 eggs for five Arenophryne dutches 
(Anstis et al 2007). 

The development of M nichollsi is quite similar 
to that of A. rotunda ("A." below) and M, gouldii 


("M" below) (Anstis et al. 2007). Metacrinia shares 
the following characteristics with these two related 
genera; 

- large, nonpigmented ova 

- no external gills, adhesive glands or spiracle 

- early limb bud development prior to any visible 
optic pigmentation 

- development of mouth with no oral structures of 
a tadpole 

- the small, slightly conical ridge in the centre of 
the lower lip and corresponding notch in the 
upper lip of unknown function that develop from 
stage 9. 

Some differences in the timing of development 
were noted in the following ways: 

- the emergence of the forelimbs (stage 11 for 
Metacrinia ; stage 7 for A. and stage 9 for M). 

- the eyes develop pigment gradually from stage 5 
and increase noticeably in diameter (from stage 8 
in Metacrinia; stages 6-8, A. and M) 

- the neural tube is initially raised above the large 
yolk, then gradually flattens and broadens (from 
about stage 6 onwards in Metacrinia ; stages 4-5, 
A. and M) 

- the gut gradually develops from initial divisions 
in the yolk (stage 8 in Metacrinia ; stage 6, A. and 
M), into a thick intestinal coil (stages 9 and 10 
Metacrinia ; stage 9, A. and M.) 

- frog-like features of the head develop from as 
early as stage 8 ( Metacrinia ; at least stage 9, A 
and M) 

- a narrow, pleat or ridge forms down the middle 
of the dorsum as vertebrae begin to develop in 
Metacrinia (Figure 3E-G), which was not 
observed in preserved A. and M. 

More live material of all three genera needs to be 
studied to determine whether the above differences 
are consistent. 

Both A. rotunda and Metacrinia have a shorter 
tail with very low fins and much narrower tail tip 
than M gouldii which has a much longer tail, 
broad well-vascularised fins and a broadly rounded 
tip. The much reduced surface area of the fins of A. 
rotunda and Metacrinia compared to the very broad 
fins of M gouldii suggests the tail has a reduced 
vascular function in the former genera. Full 
vascular development is only present in the narrow 
fins of Metacrinia during stage 8, and the network 
of smaller blood vessels is gone by stage 9, when 
only one main longitudinal vessel remains around 
the edge of the fins. 

Comparisons with Eleutherodactylus coqui 

Differences between E. coqui and Myobatrachus 
and Arenophryne are listed in Anstis et al. (2007) 
and including Metacrinia , the three myobatrachids 
differ from E. coqui in the following ways: 
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- they do not develop an egg tooth 

~ the initial development of the forelimbs is 
internal prior to stages 7, 10 or 11 (external from 
first appearance at stage 4 in E. coqui ) 

- the tail bud begins to develop slightly earlier 
from stage 3 in Metacrinia (stage 4, E. coqui) 

- the tail is more advanced in development by 
stage 5 ( Myobatrachus ), and fins are much 
narrower in Arenophryne and Metacrinia 

- there are no external gills 

- the development of melanophores over the 
dorsum is within the body wall, and does not 
become a 'disc flanking the trunk' that has a 
'leading edge', as described for E. coqui 
(Townsend and Stewart 1985). 

Apart from the differences noted above, the 
southwestern Australian genera have generally 
similar developmental life histories to E. coqui but 
without observations of live material of 
Myobatrachus and Arenophryne, it has not been 
possible to adequately compare aspects of gut, 
mouth and eye development, vitelline circulation 
and behaviour with those described for Metacrinia , 
and for E. coqui. 

General observations 

The observation by Driscoll (1998) of some males 
calling from 50 cm above the ground is highly 
unusual calling behaviour for a myobatrachid 
ground frog and is similar to the elevated calling 
positions of direct developing microhylids in the 
tropics (Hoskin 2004). The further observation by 
Driscoll of a female calling in a site typical of that 
used by a male, has not been reported for other 
Australian frogs and warrants further investigation. 

The jelly layer of Metacrinia eggs swells when 
hydrated in water and gradually shrinks again 
during normal periods of maintenance on moist 
filter paper. When moisture was added to the paper 
less frequently than twice a day, the outer surface 
of the layer became slightly drier and tougher, 
similar to the dry outer coating described for field 
collected eggs of A. rotunda and AT. gouldii 
(Roberts 1981,' 1984; Anstis et al. 2007). 

The brief daily periods of immersion of embryos 
in water during much of development for purposes 
of photography and study may have contributed to 
the development of possible oedema in two 
embryos at stage 10, as they would not typically be 
exposed to periods of inundation until closer to 
hatching in egg deposition sites in the field. It is not 
known whether the presence of yolk granules in the 
vitelline fluid from stage 5 is normal, or whether it 
was a result of culture methods, but it may have 
been a stress-related reaction to the daily 
immersions in water. The observation of the free- 
floating yolk granules which were suddenly 
propelled downwards along the throat and 


belly when they passed in front of the snout, 
indicates the flow pattern that would be generated 
by epidermal cilia (R. Altig pers. comm.). 

The mean diameter (width) of the preserved 
embryos at stage 3 from WAM R8543/44 was 2.5 
mm, but some shrinkage would have occurred in 
ethanol. The diameter of freshly laid embryos is 
likely to be about 2.9 mm (Appendix 2), taken from 
the smaller width dimension of embryos in stage 4, 
as these embryos were measured in water, while 
the slightly larger dimensions given for stages 2 and 
3 were of embryos measured out of water (measure¬ 
ments slightly distorted). This is noticeably smaller 
than the 5.0 mm diameter for A. rotunda embryos 
(stages 1-4) and 5.6 mm (stage 5) for M gouldii 
embryos (Anstis et at. 2007), but adult females of 
Metacrinia are also smaller (22-24 mm) compared 
with 28-33 mm for female Arenophryne and 44-50 
mm for female Myobatrachus (Tyler et al 2000). 
From the small amount of embryonic material 
available, indications are that all three genera 
approximately double their length at least, from 
stage 1 to hatching at stage 15 (2.9-6.3 mm, 
Metacrinia, this paper); 5.0-10.2 mm A. rotunda , 
and about 5.5-10.1 mm (ill gouldii; Anstis et al. 
2007). The embryo at stage 10 removed from the 
jelly and measured with tail outstretched 
(Appendix 1) has a tail/body ratio of 0.57, and the 
tail is much shorter than that of typical Australian 
exotrophic tadpoles, most of which have a tail that 
is about two-thirds the length of the body (Anstis, 
unpublished data). The body is slightly wider than 
deep and the tail muscle is narrow and slim (ratio 
of tail muscle depth to body depth 0.2). 

The attack by the nematode worm (Dorylaimus 
sp.) is of interest, as this worm is previously only 
known to be free-living in soil, or parasitic on plant 
matter (D. Spratt pers. comm.). 

Embryonic life span and hatching 

The developmental time of approximately 70 and 
73 days for the two specimens maintained until 
assisted hatching is longer than the 60-65 days 
developmental time taken by A. rotunda (Anstis et 
al 2007), but as froglets were actively trying to hatch 
from at least 6-9 days prior to this, the time to 
metamorphosis may be shorter under natural 
conditions if development proceeded in a generally 
similar temperature regime to the present study. 
From ten days prior to hatching, the embryos were 
rarely fully immersed in water so that the jelly 
capsules could shrink, enabling the limbs of the 
embryos to sit much closer to the outer surface of the 
jelly. Despite much effort with thrusting of the limbs, 
neither embryo seemed able to hatch unaided and 
their efforts dwindled as they appeared to fatigue. 

The continual downward leg and arm thrusts of 
Metacrinia at stages 14 and 15 suggest that hatching 
may be initiated by this method, as occurred in A. 
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rotunda (Anstis et al. 2007). It is possible the trigger 
for hatching of Metacrinia in the natural 
environment may be increased periods of rain, 
although this would fully hydrate the egg jelly and 
make it a much thicker barrier to the embryo. 
Further observations in the field are necessary to 
determine the trigger factors precipitating hatching. 

Summary 

All genera discussed here share key features 
typical of direct development as defined by Altig 
and Johnston (1989) and Altig and Crother (2006), 
including the lack of oral structures, adhesive 
glands and a spiracle, precocial development of the 
limbs and neural tube anatomy and a different 
mode of abdominal wall formation. The relatively 
large size of the ova and the small clutch sizes of 
the southwestern Australian genera are also 
characteristic of direct developing species 
(Thibaudeau and Altig 1999). Despite the presence 
of some characteristics shared with direct 
developers, including a vascular tail and 
dependence on yolk supply during development to 
metamorphosis, most of the nidicolous Australian 
embryos Philoria, Kyarranus and the Geocrinia 
rosea group differ significantly from direct 
developers as they have a free-living hatched 
tadpole stage that includes mouthparts, a spiracle, 
tadpole vent tube and a functional tail. The early 
development of the para viviparous Rheobatrachus 
is not well known, but it also has a hatched tadpole 
stage and its vestigial spiracle and mouthparts 
(papillae and a non-keratinised lower jaw sheath; 
Tyler 1983; Anstis unpublished data) are very 
similar to those of the Geocrinia rosea group (Anstis 
unpublished data). The larval morphology of the 
exoviviparous Assa appears quite similar to that of 
the nidicolous Bryobatrachus , as both have only a 
mouth slit (no vestigial papillae or tadpole jaw 
sheaths), no spiracle, reduced fins and prominent 
eyes (Anstis 2002) and in these respects these two 
genera are most similar to the direct developing 
myobatrachids. 

The diversity of reproductive modes in Australian 
anuran families (Tyler 1985, 1999; Roberts 1993), 
especially the Myobatrachidae, provides a wealth 
of material for future study. The endotrophic guilds 
are currently poorly known, and the evolution of 
these developmental patterns are not well 
understood. There is a good potential to provide a 
substantial platform for investigations into the 
evolutionary origins of many Australian anurans 
once adequate material has become available, 
although more data on evolutionary relationships, 
ecology and developmental genetics will be needed 
before hypotheses can be rigorously tested. 
However, the description presented here and in 
Anstis et al (2007) move us closer to a better 
understanding of endotrophic life history modes. 
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APPENDIX 1 

Measurements (mm) of one anaesthetised specimen at stage 10 with tail outstretched, after removal from the jelly 
layers. 


Snout-vent = 5.2; tail length = 3.0; body width = 3.5; body 
depth = 3.0; eye body width (measured across centre of 
eyes) w 2.5; eye diameter = 1.1; inter-orbital span * 1.1; 
narial diameter (span between each inner edge of narial 
rim) = 0.2; width across base of tail muscle = 0.8; depth of 


tail muscle at base = 0.6; tail depth (measured at deepest 
point) = 0.7; dorsal fin depth = 0.2; ventral fin depth = 0.2; 
tail muscle depth = 0.5 (latter three measurements in line 
with tail depth). 


APPENDIX 2 


Summary of embryo dimensions of live Metacrinia nichollsi from stages 2-15 (Townsend and Stewart 1985). Stages 2- 
3 were measured out of water and stages 4-13 were measured in water, jelly capsule measurements in bold only partly 
rehydrated. Dimensions in mm, mean with range in parenthesis as follows: diameters to stage 4; snout to posterior point 
of curved tail in stages 5-13, including snout-vent stages 12-13; snout-vent stage 15. Dates (2006) are given as day/ 
month. N = number of specimens measured. Measurements were mostly taken daily during April, then from 3-6 day 
intervals during the first half of May and post hatching in early June. 

Stage 

Date 

N 

Embryo Dimensions 

Jelly Capsule Dimensions 

2 

31/3 

7 

3.7 (3.5-3.9) 

5.3 (5.2-5.6) 

3 

1/4 

6 

3.8 (3.5-4.2) 

5.9 (5.3-6.1) 

4 

2/4 

11 

3.1 (3.0-3.2) x 2.9 (2.9-3.1) 

5.4 (4.8—6.1) 


3/4 

4 

3.9 (3.6-4.2) x 3.5 (3.1-3.8) 

5.9 (S.6-5.8) 


4/5 

4 

3.9 (3.7-4.0) x 3.1 (3.0-3.2) 

7.2 (7.2—7.2) 


5/4 

9 

4.2 (3.0-4.7) x 3.3 (3.0-3.5) 

7.2 (6.S-7.6) 

5 

6-7/4 

5 

4.3 (4.0—4.5) x 3.2 (3.1-3.4) 

7.6 (73-7.7) 


8/4 

9 

4.6 (4.44.8) x 3.3 (3.0-3.7) 

7.5 (7.4-8.0) 


9/4 

7 

4.6 (4.3-5.0) x 3.3 (3.0-3.8) 

7.4 (7.3-7.4) 

6 

11/4 

9 

5.2 (4.9-5.6) x 4.1 (3.8-4.7) 

5.6 (53-6.0) 


13,14/4 

8, 3 

4.4 (3.7-4.5) x 3.2 (3.1-3.3) 

6.1 (53-6.6) 

7 

15/4 

5 

4.7 (4.1-5.1) x 3.7 (3.4-3.9) 

6.6 (5.9-7.6) x 6.4 (5.8-73) 


16/4 

5 

4.8 (4.5-5.2) x 3.5 (3.4-33) 

7.1 (6.1-7.2) x 6.8 (6.0-7.1) 


17/4 

4 

5.2 (5.0-6.1) x 3.6 (3.543.6) 

7.4 (7.2-7.9) x 7.4 (7.2-7.8) 

8 

18, 21/4 

4,6 

5.4 (5.0-5.8) x 3.8 <3.5—4.2) 

73 (7.1-8.1) x 7.4 (6.9-7.9) 

9 

23, 24/4 

5,5 

5.4 (4.8-6.0) x 3.0 (2.9-3.1) 

73 (6.6-8.7) x 7.4 (6.4~8.7) 


25/4 

4 

5.6 (5.0-5.8) 

7.9 (6.4-8.7) x 7.7 (63-8.7) 

10 

29/4 

3 

5.8 (5.6-6.0) 

8.7 (83-8.7) x 8.6 (83-8.7) 


30/4 

3 

6.1 (53-6.4) 

9.1 (8.9-93) 

11 

2/5 

3 

6.1 (5.6-63) 

9.0 (8.1—8.4) 

12 

8/5 

2 

6.1, 5.6 (SV = 5.5, 4.8) 


13 

14/5 

2 

5.8, 5.5 



16/5 

2 

8.4, 8.1 (SV = 6.3, 5.6) 


15 

3/6 

1 

6.4 



6/6 

1 

6.3 
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Abstract - Eight new species of the carabid genera Sphallomorpha Westwood 
and Adelotopus Hope are described from Western Australia: Sphallomorpha 
panntenons, S. pernmtata, S. szitoL S. flavorufa, S. clypeosetosa, Adelotopus 
pilbarae, A. basalis and A. minutus. Records from Western Australia of the 
following rare or poorly documented species are also dealt with: 
Sphallomorpha froggatti (Macteay), 5. fallax (Westwood), S. polysetosa Baehr, 
S. guttigera (Newman), S. maculata (Newman), S. uniformis Baehr, S. 
tlavopicea Baehr, Adelotopus brevipennis Macleay, A. puncticollis 
angustemaculatus Baehr, A. rubiginosus Newman, A. houstoni Baehr, A. 
adustus Baehr, A. coriaceus Baehr, A. paroensis Caste!nau, Cainogenion 
ipsoides occidentale Baehr, and Paussotropus cylindricus (Chaudoir). For 
Sphallomorpha tlavopicea Baehr and Adelotopus houstoni Baehr the male 
genitalia are described and figured for the first time. All new species and 
those to which new taxonomic information is added, are inserted in the 
respective general keys. The Western Australian distributions of most 
mentioned species are figured in maps. 

Keywords: taxonomy, new species, Sphallomorpha , Adelotopus , 
Cainogenion, Paussotropus 


INTRODUCTION 

A recent collecting trip through the interior of 
Western Australia and visits to Western Australian 
institutions and collections revealed a number of 
new and rare species of the pseudomorphine genera 
Sphallomorpha Westwood, Adelotopus Hope, 
Cainogenion Notman, and Paussotropus Westwood 
that are described or mentioned in the present paper. 
During the visit also several common and well 
documented species were collected or identified 
(Sphallomorpha castelnaui Reiche, S. hydroporoides 
Westwood, S. suturalis Germar, Adelotopus laevis 
Macleay, A. gyrinoides Hope) which are not 
mentioned further in this paper. For information 
about these species vide the revisions of the 
Australian Pseudomorphinae (Baehr 1992, 1997). 

In spite of the previous revisions which included 
almost all material available in collections when 
they were written, the pseudomorphine fauna of 
Western Australia, in particular that of the interior, 
probably is less well known than the faunas of most 
other parts of Australia. This deficiency may be 
simply due to the large size of the country which 
makes reasonable or even systematic sampling of 
the fauna almost impossible, but also the 
impression of putative collectors that in a largely 


dry country with but limited or scattered tree 
growth pseudomorphine beetles can be rather 
neglected may be responsible. Fortunately, Western 
Australian authorities (Western Australian 
Museum, Department of Conservation and Land 
Management, Western Australian Department of 
Agriculture) during the past years conducted a 
number of surveys in certain parts of Western 
Australia which revealed, inter alia , a number of 
interesting pseudomorphine beetles. However, as 
these beetles can best be sampled mainly by use of 
specialized methods (pulling down bark into an 
umbrella, fogging bark), this group certainly is 
underrepresented in the samples from the previous 
Goldfields and Wheat Belt surveys and the present 
Pilbara survey. 

The scope of the present paper hence is not only 
to describe the new species and to make available 
additional information on species diversity and 
distribution, but also to draw the attention of 
collectors to this beetle group and to the 
arboricolous and corticolous beetle fauna of 
Western Australia in general, and not only to the 
beetle fauna but also the very rich fauna of other 
invertebrates that live on trees, even in the semiarid 
and arid interior. 


8 lh Supplement to the "Revision of the Pseudomorphinae of the Australian Region" 
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MATERIALS AND METHODS 

Whereas the specimens collected during the 
ongoing Pilbara survey conducted by the 
Department of Environment and Conservation, 
Perth, were sampled by glycol pitfall trapping, the 
material collected during my travel was either 
sampled by pulling down sheets of loose bark from 
a number of bark-shedding eucalypts (Salmon 
Gum, River Red Gum, Redwood), or by Py re thrum 
fogging the rough-barked trunks of a variety of 
eucalypt and non-euealvpt trees (diverse Mallee, 
Jarrah, Tuart, Red Tingle, Grevillea, Mulga, and 
other Acacias). 

Dissecting methods and style and format of the 
descriptions exactly correspond to those in my 
revisions (Baehr 1992, 1997) and the following 
supplements (Baehr 1993a, 1993b, 1994b, 2002, 2004, 
2005, 2006, 2007) which also can be used to gain 
additional information about the mentioned genera, 
their morphology, distribution, and habits. 
Complete references for previously described 
species can be taken from the revisions and the 
supplements and are not included in the literature. 

For the benefit of the reader, abbreviations of the 
chaetotaxy which is particularly important for 
identification of Sphallomorpha species, are 
repeated below. 

The habitus photographs were obtained with a 
digital camera using ProgRes Capture Basic and 
AutoMontage, and were subsequently prepared 
with Corel Photo Paint 11. 

Specimens are lodged in the following 
institutions: DEC, Department of Environment and 
Conservation, Wood vale. Western Australia; CBM, 
working collection of M. Baehr in Zoologische 
Staatssammlung, Miinchen; WADA, Western 
Australian Department of Agriculture, South Perth; 
WAM, Western Australian Museum, Perth. 

The following abbrevations are used for 
chaetoatxy: 

supraorb, supraorbital seta (either side) 
preorb, preorbital seta (either side) 
clyp, clypeal seta (either side) 
labr, labral setae (common) 

ment.med, medial mental setae, at base of mental 
excision or mental tooth (common) 
ment.lat, lateral mental setae, on wings of mentum 
(either side) 

gloss, glossal setae, on ventral rim of apex of glossa 
(either side) 

gul, gular setae, inside of gular suture (either side) 
postorb, postorbital setae, posteriorly of eye on a 
conspicuous rim (either side) 
suborb, suborbital setae, below eye, laterally of 
gular suture (either side) 

pron.ant, anterior pronotal setae, near anterior angle 
of prone turn (either side) 

pron.post, posterior pronotal setae, near posterior 
angle of pronotum (either side) 


proeps, proepisternal setae, longitudinally and 
transversal!)' on proepisternum (either side) 
marg, marginal setae, along margin of elytra (either 
side) 

st VI, setae on posterior border of sternum VI, the 
penultimate visible sternite (either side) 
d st VII, setae of male sternum VII, the terminal 
visible sternite (either side) 

9 st VII; setae of female sternum VII, the terminal 
visible sternite (either side) 


SYSTEMATICS 
Family Carabidae Latreille 
Subfamily Pseudomorphinae Newman 
Genus Sphallomorpha Westwood, 1837 

Sphallomorpha Westwood, 1837: 414; Baehr, 1992: 

15. 

Type species 

Sphallomorpha decipiens Westwood, 1837, by 
monotypy. 

Remarks 

With about 145 described species this is the 
largest genus of the subfamily Pseudomorphinae 
and, with respect to the great number of 
plesiomorphic character states, it is the most basal 
genus and altogether the adelphotaxon of all other 
genera (Baehr 1994a). It's basal status is also 
demonstrated by the ovipary of all species, whereas 
all other genera of Pseudomorphinae (except 
Cryptocephalomorpha the reproduction mode of 
which is still unknown) are ovoviviparous. The 
overwhelming majority of the species occur in 
Australia, with a few species recorded from New 
Guinea. In Australia, species of Sphallomorpha 
occur in most environments, provided some tree 
growth is present, because the species generally 
occur on trees and prefer bark-shedding eucalypts, 
where during daytime they hide under the bark. 
Several species have been recorded from rainforest 
ecosystems, but the majority occur in open forest 
and even in rather dry country. 


Sphallomorpha froggatti (Macleay, 1888) 

Silphomorpha froggatti Macleay, 1888: 457; 
Sphallomorpha froggatti , Baehr, 1992: 63; Baehr, 
2002 ; 102 . 

New material examined 

Australia: Western Australia: 1 6, site WA06/ 
134, 2 km S. of crossing of Tom Price Road and 
Paraburdoo Road, 22.95025°S, 117.34708°E, 396 m, 
17 February 2006, M. Baehr (WAM 67920). 
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Remarks 

The new specimen is the first recent record of S. 
froggatti from Western Australia south of the Great 
Sandy Desert. This common species was previously 
known from north-eastern Queensland from about 
Rockhampton through northern tropical Northern 
Territory to the Kimberley Division in northern¬ 
most Western Australia. 

The single specimen was fogged from the rough 
bark on the trunk of a Mulga Acacia (Acacia aneura). 

Sphallomorpha fallax (Westwood, 1837) 

Figure 16 

Silphomorpha fallax Westwood, 1837: 426. 

Sphallomorpha fallax (Westwood): Baehr, 1992: 79; 
Raehr, 2002: 102. 

New material examined 

Australia: Western Australia: 1 tf, site WA06/25, 
20 km NT of W i d g e m o o 11 h a 7 31.3 5 3 4 1 0 S. 

l. 21.51929 C E, 355 m, 5 January 2006, M. Baehr 
(CBM); 1 d site WA06/20, 46 km NT. of Peak 
Charles, 32.64199°S, 121.50504 k. 237 m, 27 January 
2006, M. Baehr (CBM). 

Remarks 

These are the first recent records which 
corroborate the occurrence of this common eastern 
species in Western Australia. Baehr (1992: 83) 
reported only a few very old, imprecisely labelled 
specimens from Western Australia. At both 
locations specimens were sampled from under bark 
of Salmon Gums ( Eucalyptus salmonophloia) or 
similar eucalypts. 

Sphallomorpha parinterioris sp. nov. 

Figures 1,16 

Sphallomorpha interioris Baehr, 1992: 94 (in part). 

Material examined 

Hoiotype 

Australia: Western Australia: 3, site WA06/157, 
90 km W. of Sandstone, 28.05690°$, 118.44989°E, 
444 m, 27 February 2006, M Baehr (WAM 67921). 

Pam types 

Australia: Western Australia: 2 3 f 3 . same data 
(CBM, 1 WAM. 67922); 1 3,. site WA06/156, 33 km 
N of Mount Magnet, 27.81594°S, 117.92478 4:, 422 

m, 27 February 2006, M. Baehr (CBM); 1 V, site WA 
26, 38 km S5E. of Leinster, 7-8 November 1987, M. 
Baehr (CBM; also pa retype of Sphallomorpha 
interioris); 1 9, Wooramel River, 25°47'S, 115°584:, 
14 April 1979, M. Peterson (WAM 87/2176; also 
paratype of Sphallomorpha interioris). 


Etymology 

The name refers to the close relationship of this 
species to Sphallomorpha interioris Baehr from 
central Northern Territory. 

Diagnosis 

A species of the mastersii species-group (Baehr 
1992) with coarsely punctate elytra) striae and fairly 
coarse punctations of intervals, and with slightly 
bent-down apex of the aedeagus. Distinguished 
from the most similar $. interioris Baehr by the 
more asymmetrical shape and less distinctly bent 
apex of aedeagus, and the elongate female 
stylomere 2. 

Description 

Measurements: length: 12.6-13.7 mm; width: 6,7- 
7.2 mm. Ratios: width prono turn/head: 1.60-1.69; 
width elytra/pronotuin: 1.07—1.11; whdth/length of 
pronotum: 2.33-2.50; length/width of elytra; 1.20- 
1.25; length elvtra/pronotum: 3.16-3.40. 

Colour: black, mouth parts and lateral, margins of 
pronotum and elytra more or less distinctly 
reddish-piceous, apex of palpi light reddish. 
Antenna reddish. Tower surface dark piceous to 
black, metathorax and abdomen slightly lighter. 
Legs including femora reddish-piceous to piceous. 

Chaetotaxy (Figures 1A-C): supraorb: I; preorb: -, 
clyp: 1; labr: 4; ment.med: 2; ment.lat: 5-6; gloss: 4; 
gul: 2; postorb: 3-4; suborb: 6-8; pron.ant: 1; 
pron.post: 1; proeps: 1-2 + 5-6; marg: 16-18; st VI: 
2; 3 st VII: 2-3; 9 st VII: 3-4. 

Head (Figure 1A): wide, rather depressed, frontal 
impressions large, shallow. Eyes large, very convex. 
Clypeus feebly concave, el y pea I sutures distinct, 
elongate. Lateral border of head anteriorly very 
oblique, almost straight, then convex, markedly 
incurved towards eyes. Lab rum wide, short, 
laterally convex, medially moderately excised. 
W ings of mentum short, apex wide, evenly 
rounded, subapically feebly concave, then convex, 
medially obliquely convex. Glossa slightly excised, 
not or feebly excavate, border obtuse, 4-setose. 
Dorsal part much surpassing ventral, medially 
feebly excised, without hairs or bristles. Terminal 
pa! pome re of labial palpus elongate, with very 
oblique apex, rather securiform, of maxillary palpus 
elongate, not securiform. Median antennomeres e, 5 
x as long as wide. Mi eroreti eulation very dense and 
fine, distinct, slightly rugose, punctuation almost 
invisible, surface with some transverse strioles 
laterally of clvpeal sutures, with variably distinct 
strioles medially of eyes and on froiis, and with 
very fine and sparse erect pilosity, dull. Palpi very 
indistinctly pilose. Galea with few short hairs only 
at apex. Ventral surtaee with. very few, short hairs 
or almost glabrous. 

Pronotum: wide, fairly depressed, laterally 
explanate. Apex fairly narrow, with rather shallow, 
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Figure 1 Sphallomorpha parinterioris, sp. nov., details of head and genitalia. A, dorsal surface of head; B, male 
sternum VII; C, female sternum VII; D, male genital ring; E, lateral view of aedeagus; F, lower surface of 
aedeagus; G, right paramere; H, left paramere; I, female stylomere 2. Scale lines: A-C (1 mm); D-H (0.5 mm); 
I (0.1 mm). 


medially slightly convex excision. Anterior angles 
short, very wide, apex barely obtuse. Sides evenly 
convex, widest at posterior third, far in front of 
posterior marginal seta. Base gently bisinuate. 
Lateral margins with extremely fine border line. 
Discal impressions irregular, very shallow, or 
almost invisible. Microreticulation very fine, dense, 
distinct, punctuation very fine, sometimes virtually 
invisible, surface with dense network of fine, 
irregular strioles, giving the surface a rather 
coriaceous appearance, and with extremely fine, 
sparse, erect pilosity, dull. 

Elytra; elongate, fairly depressed, laterally almost 
parallel. Apex wide, slightly oblique, almost 
straight. Striae more or less well impressed, marked 
by rows of fairly coarse punctures, intervals feebly 
raised. Series of marginal punctures slightly 
interrupted in middle. Microreticulation fine and 
dense, rather distinct and slightly rugose, 
punctuation moderately coarse, irregular, fairly 
dense, surface with extremely sparse, fine pilosity, 
difficult to detect, rather dull. 

Lower surface: prosternal process moderately 


elongate, fairly wide, apex rounded, lower surface 
convex, moderately curved to apex, apex with 2 
elongate setae, lower surface with some very short 
hairs; metepistemum c. 2.2.~2.3 x as long as wide. 

Legs: very elongate. Metatarsus slightly longer 
than metatibia. At least basal tarsomeres slightly 
pilose on upper surface. 1 st tarsomere of metatarsus 
about as long as 2 nd and 3 rd tarsomeres together. 

Male genitalia (Figures IB, D-H): sternum VII 
wide, triangular, with very wide, shallow, 
rectangular excision. Genital ring moderately 
wide, basal border convex, lateral angles evenly 
rounded, lateral borders oblique, basal plate 
moderately short, anteriorly deeply excised, arms 
almost symmetrical. Aedeagus straight on upper, 
bisinuate on lower surface, left side charac¬ 
teristically sinuate; apex very wide, obtuse, very 
gently bent down. Orifice elongate. Internal sac 
large, inconspicuously microtrichiate, with 
elongate fold, for pattern see Figures IE, F. Right 
paramere shallow, apex elongate, rather narrow, 
lower surface gently sinuate. Left paramere 
elongate, shallow, conspicuously sinuate on both. 
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upper and lower borders, with tapering, rouded 
apex. 

Female genitalia (Figures 1C, I): sternum VII 
moderately elongate, border rather convex, with 
several short hairs along and near margin. 
Stylomere 2 small though elongate, with acute, 
elongate apex. Des and ves absent. Usually with 3 
ns. Pilosity dense. 

Variation: very little variation is apparent in the 
size, body proportions and colour, and all specimens 
lack the preorbital seta. They very slightly differ from 
both specimens from Western Australia which 
previously were included in S. interioris. 

Distribution 

Central Western Australia (Figure 16). 

Habits 

The habits of this species are largely unknown. 
The newly recorded specimens were fogged from 
the rough bark of the trunks of Mulga Acacias 
(Acacia aneura). The specimen from near Leinster 
originally identified as Sphallomorpha interioris 
was sampled from under bark of an unidentified 
eucalypt 

Remarks 

A striking variation in the female stylomeres was 
noted in the description of Sphallomorpha interioris 
by Baehr (1992). Because only the holotype from 
Yuendumu (Northern Territory) was a male, 
nothing could then be said about any variation in 
the male genitalia. The newly discovered males 
from interior Western Australia now reveal a 
slightly different aedeagus and, moreover, in the 
single female the stylomeres are of similarly 
elongate shape as those of the females from Western 
Australia previously ascribed to S. interioris. 
Therefore, the Western Australian specimens are 
described as a new species and both Western 
Australian female paratypes of S. interioris are 
transferred to this new species. 

According to the chaetotaxy of the lahrum, shape 
of the terminal male sternum, and chaetotaxy of 
female stylomeres, this species belongs to the 
mastersii species-group in the sense of Baehr (1992) 
and is most closely related to S. interioris Baehr 
from central Northern Territory. 

Sphallomorpha polysetosa Baehr, 1992 

Figure 16 

Sphallomorpha polysetosa Baehr, 1992: 97. 

New material examined 

Australia: Western Australia: 2 9, site WA06/36, 
3 km NW. of Bullfinch, 30.98853°S, 119.10307 F, 342 
m, 8 January 2006, M. Baehr (CBM). 


Remarks 

This is a a rare species of which only three female 
specimens from south-Western Australia and South 
Australia have been recorded (Baehr, 1992). Because 
the only known specimens of S. polysetosa are 
females, the exact taxonomic position of this species 
will remain unknown. Both specimens were 
collected from under bark of Redwood (Eucalyptus 
Iran scon tinen tails). 

Sphallomorpha permutata sp. nov. 

Figures 2, 11, 17 

Material examined 

Holotype 

Australia: Western Australia: 6, site WA06/25, 
20 km N. of Widgemooltha, 31.35341 °S, 
121.51929°E, 355 m, 5 January 2006, M. Baehr 
(WAM. 67923). 

Paratypes 

Australia: Western Australia: 3 4; 1 9/ same data 
(CBM, 1 WAM 67924); 2 6, site WA06/26, 5 km E. 
of Bulla Bulong, 30.76968°S, 121.79970°E, 376 m, 6 
February 2006, M. Baehr (CBM); 1 9, site WA06/18, 
Peak Charles National Park at base of Peak Charles, 
32.88300°S, 121.16929°E, 295 m, 3 January 2006, M. 
Baehr (CBM); 1 9, site WA06/31, Boondi Rock, 
Goldfields National Park, 3L18300°S, 120.38293°E, 
428 m, 6 January 2006, M. Baehr (CBM). 

Etymology 

Latin " permutata" means "easily confused" and 
refers to the very high level of similarity with the 
eastern S. polita (Macleay). 

Diagnosis 

This is a species of the laevis species-group (Baehr 
1992) and, due to the body shape and chaetotaxy, 
most similar to S. polita (Macleay) from eastern 
Australia. It is distinguished from that species by 
the greater number of abdominal sternal setae in 
both sexes, the slightly more asymmetrical 
aedeagus, the smaller and much less conspicuous 
dark, sclerotized area on the left side of the internal 
sac, and the longer and narrower left pa ram ere. 

Description 

Measurements: length: 9.9-10.8 mm; width: 5.3- 
5.9 mm. Ratios: width pronotum/head: 1.68-1.74; 
width elytra/pronotum: 1.07-1.09; vvidth/length of 
pronotum: 2.50-2.57; length/width of elytra; 1.15- 
1.18; length elytra/pronotum: 3.16-3.25. 

Colour: very dark piceous to black, lateral 
margins of pronotum and elytra very 
inconspicuously lighter. I abrum and mouth parts 
reddish, antenna light reddish. Ventral surface light 
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Figure 2 Sphallomorpha permutata, sp. nov., details of head and genitalia: A, dorsal surface of head; B, male sternum 
VII; C, female sternum VII; D, male genital ring; E, lateral view of aedeagus; F, lower surface of aedeagus; G, 
right paramere; H, left paramere; I, female stylomere 2. Scale lines: A-C (1 mm); D-H (0.5 mm); I (0.1 mm). 


reddish, head reddish-piceous, laterally slightly 
darker, centre of abdomen reddish. Legs dark 
reddish, femora slightly lighter. 

Chaetotaxy (Figures 2A-C): supraorb: 1; preorb: 
1, clyp: 1; labr: 4; ment.med: ment.lat: 5-6; gloss: 
4; gul: 1; postorb: 3-4; suborb: 7-9; pron.ant: V, 
pron.post: 1; proeps: 1-2 + 4-5; marg: 19-20; st VI: 
3-4; <J st VII: 17-18; 2 st VII: 19-20. 

Head (Figure 2A): moderately wide, fairly 
depressed, frontal impressions almost absent. 
Clypeus barely concave, clypeal sutures moderately 
distinct, elongate. Lateral border of head oblique, 
posteriorly gently convex, slightly incurved in front 
of eyes. Labrum wide, laterally obliquely convex, 
anteriorly feebly excised, barely raised. Mentum 
with very shallow, wide, medially straight or 
convex prominence. Wings of mentum short, wide, 
apex evenly rounded, subapically more or less 
convex, medially obliquely convex. Glossa gently 
excised, slightly excavate, border moderately 
obtuse. Dorsal part not much surpassing ventral, 
excised in middle, with few delicate hairs. Terminal 
palpomere of labial palpus fairly elongate, with 
very oblique apex, slightly securiform, of maxillary 


palpus rather elongate, with feebly convex borders 
and very oblique apex, barely securiform. Median 
antennomeres c. 3 x as long as wide. Micro¬ 
reticulation dense and rather fine, fairly coarse, 
punctuation dense, moderately fine, more or less 
easily visible, surface with some transverse strioles 
laterally of clypeal sutures, with variously 
developed, fine, irregular strioles on frons, and with 
very short, erect pilosity, moderately dull. Palpi 
with fairly hirsute pilosity. Galea with some short 
hairs along anterior border and at apex. Ventral 
surface almost impilose. 

Pronotum: moderately wide, fairly depressed, 
laterally barely explanate. Apex wide, with 
moderately deep excision. Anterior angles 
moderately projecting, apex feebly obtuse. Sides 
moderately, though evenly convex, widest slightly 
in front of posterior marginal seta. Base gently 
concave or bisinuate. Lateral margin anteriorly with 
distinct, posteriorly with feeble border line. Discal 
impressions very shallow, irregular. Microretic¬ 
ulation dense, rather fine, distinct, punctuation 
fairly dense, rather fine, sometimes inconspicuous, 
surface with more or less distinct network of fine. 
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irregular strioles, and with very fine, moderately 
dense, erect piiosity, rather dull. 

Elytra: rather elongate, fairly convex, laterally 
barely ex plana te, feebly rounded to almost parallel. 
Apex wide, obliquely rounded. Striae barely 
impressed, but marked by rows of moderately fine 
punctures. Intervals very gently raised or almost 
depressed. Series of marginal pores slightly spaced 
in middle. Microreticulation dense and distinct, 
punctuation fine though conspicuous, dense, 
sometimes less distinct within microreticulation. 
Surface with delicate, rather sparse piiosity, 
difficult to see, rather dull to somewhat glossy, 
depending on degree of microreticulation and of 
punctu ration. 

Lower surface: pros tern a I process fairly short, 
rather narrow, attenuate, apex almost straight, 
ventral surface convex, more or less curved to apex, 
with several short hairs. Metepisternum c. 1.8 x as 
long as wide. 

Legs: rather elongate. Metatarsus almost as long 
as metatibia. 1 st tarsomere of metatarsus as long as 
2 nd and 3 rd tarsomeres together. 

Male genitalia (Ligures 2B, D-H): sternum VII 
moderately wide, with fairly wide, deep excision 
and many very elongate setae. Genital ring 
moderately wide, triangular, basal border gently 
convex, lateral angles rounded, lateral borders not 
sinuate, basal plate short and wide, anteriorly 
moderately, triangularly excised, arms gently 
convex. Aedeagus rather short and stout, lower 
surface almost straight, lateral margins attenuate 
though left side very gently excised. Apex 
moderately obtuse, very feebly curved down. 
Orifice very elongate. Internal sac in parts markedly 
microtrichiate, on left side with conspicuous, dark 
area, for pattern see Ligures 2E, F. Right paramere 
narrow and very elongate, straight, apex elongate, 
parallel. Left paramere very elongate, almost 
parallel, with almost transversal apical border. 

Female genitalia (Figures 2C, I): sternum VII fairly 
wide and short, apical border almost straight, with 
many very elongate setae arranged in 2 rows, and 
with several short hairs along border. Stylomere 2 
short, with short, wide, fairly obtuse apex, with 3 
ves of decreasing size, and 2 ns. Piiosity rather 
sparse. 

Variation: very little variation noted. 

Distribution 

This species is restricted to interior southern 
Western Australia (Figure 17). 

Habits 

Most specimens of this species were sampled 
from under bark of Salmon Gums (Eucalyptus 
salmonophloia), the specimen from Peak Charles 
was collected from under bark of an unidentified 
Mai lee euealypt, that from Boondi Rock was 


sampled at black light at the margin of a dry salt 
lagoon surrounded by euealypt forest. 

Remarks 

In body shape, structure of surface, chaetotaxy, 
and structure of aedeagus, this species is extremely 
similar to the common eastern species S. polita 
which ranges from south-eastern New South Wales 
through Australian Capital Territory to north¬ 
eastern Queensland. The best characters to 
distinguish between both species are the abdominal 
chaetotaxy, the shape of the aedeagus, and the 
structure of the internal sac. 

According to the structure of the lower surface of 
the head, the chaetotaxy of the labrum, the shape of 
the male aedeagus, and the structure of the female 
stylomeres, this species belongs to the laevis 
species-group (Baehr, 1992) and according to the 
great number of abdominal setae it is most similar 
to S. polita from eastern Australia. 

Sphallomorpha szitoi sp. nov. 

Figures 3, 17 

Material examined 

Hoi o type 

Australia: Western Australia: 9 , 40 km N. of 

Badgingarra, UV light, 1-15 March 1995, A. Szito 
(WADA 27442). 

Etymology 

The name honours the collector and curator of the 
Western Australian Department of Agriculture 
Insect Collection, Dr. A. Szito. 

Diagnosis 

This is probably a species of the semistriata 
species-group (Baehr 1992). In view of absence of 
stria Hon of the elytra, and of the sparse chaetotaxy 
of the terminal abdominal sternite, it is probably 
most similar to S. para 11c!a Baehr. It is distinguished 
from that species by its larger size, much denser 
punctuation of the pronotum and elytra, and the 
very low number of abdominal sternal setae. 

Description 

Measurements: length: 8.7 mm; width: 4.6 mm. 
Ratios: width pronotum/head: 1.73; width elytra/ 
pronotum: 1.09 width/length of pronotum: 2.50; 
length/width of elytra; 1.26; length elytra/ 
pronotum: 3.41. 

Colour: very dark piceous, almost black, pronotum 
and elytra laterally very slightly translucent. Labrum 
and mouth parts reddish-piceous, antenna dirty 
yellow. Lower surface dark yellow, head, especially 
lateral parts, and centre of abdomen darker. Legs 
light reddish, femora dirty yellow. 
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Figure 3 Sphallomorpha szitoi sp. nov., details of female genitalia: A, female sternum VII; B, female stylomere 2. Scale 
lines: A (1 mm); B (0.2 mm). 


Chaetotaxy (Figure 3A): supraorb: 1; preorb: 1, 
elyp: 1; labr: 4; ment.med: ment.lat: 1; gloss: 3-4; 
gul: 2; postorb: 3; suborb: 3-4; pron.ant: 1; 
pron.post: proeps: 1+ 3-4; marg: 14-15; st VI: 3; 6 
st VII: ?; 9 st VII: 2. 

Head: rather wide and short, without distinct 
frontal impressions. Eyes large, moderately 
projecting. Clypeus feebly concave, clypeal sutures 
fairly distinct, elongate. Lateral borders of head 
oblique, slightly convex, incurved in front of eyes. 
Labrum rather wide, anteriorly widely, moderately 
deeply excised, barely raised. Gular sutures 
rectangular, though angle rather obtuse. Mentum 
with very shallow prominence. Wings of mentum 
short, wide, apex evenly rounded, subapically 
feebly convex, medially little oblique. Glossa faintly 
excised, slightly excavate, border rather obtuse. 
Dorsal part little surpassing ventral, medially 
deeply excised, with several distinct short hairs. 
Terminal palpomere of labial palpus elongate, 
narrow, not securiform, of labial palpus elongate, 
parallel. Galea rather narrow, little widened. 
Antenna probably fairly elongate, but both antennae 
broken from 4 th antennomere. Microreticulation 
dense, distinct, punctuation barely visible, surface 
with few inconspicuous, transverse strioles laterally 
of clypeal sutures and with very short, sparse, erect 
pilosity, dull. Palpi rather densely pilose. Ventral 
surface with scattered, short pilosity. 

Pronotum: fairly wide, rather depressed, laterally 
barely explanate. Apex with fairly deep, medially 
slightly convex excision. Anterior angles 
moderately acute, apex feebly obtuse. Sides evenly 
convex, widest slightly in front of posterior 
marginal setae. Posterior border shortly rounded. 
Base almost straight. Lateral margin with distinct 
border line. Discal impressions faint. 
Microreticulation dense, distinct, punctuation fine, 
rather sparse, surface with some irregular strioles, 
and with very fine, sparse, erect pilosity, rather 
dull. 


Elytra: elongate, moderately depressed, laterally 
very little rounded, almost parallel, laterally not 
explanate. Apex very wide, very oblique, straight. 
Striae not impressed, only three inner striae in basal 
half marked by irregular rows of slightly more 
coarse punctures. Intervals absolutely not raised. 
Series of marginal pores in middle well spaced. 
Microreticulation distinct, though somewhat 
superficial, punctuaation fine though dense distinct, 
surface with very fine, sparse, erect pilosity, rather 
glossy. 

Lower surface: prosternal process moderately 
elongate, narrow, apex rounded, ventral surface 
rather depressed, evenly curved to apex, with few 
elongate setae at apex and with some short hairs. 
Metepisternum slightly less than twice as long as 
wide. 

Legs: rather elongate. Metatarsus broken on both 
legs. 

Male genitalia: unknown. 

Female genitalia (Figures 3A, B): sternum VII very 
elongate, apical border remarkably convex, with 2 
setae on either side, but setae broken. Stylomere 2 
comparatively elongate, with narrow, elongate, 
very acute apex, with 3 ves of decreasing size, one 
des and 2 ns. Pilosity dense and elongate. 

Variation: unknown. 

Distribution 

This species has only been found at the type 
locality in south-western Australia (Figure 17). 

Habits 

The habits of this species are largely unknown. 
The holotype was collected at light. Nevertheless, 
this is certainly a bark-inhabiting species like its 
congeners. 

Relationships 

According to the structure of the lower surface of 
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the head, the chaetotaxy of labrum, the chaetotaxy 
of the female sternum, and the structure of the 
female stylomeres, this species most probably 
belongs to the semistriata species-group (Baehr, 
1992). According to the very small number of 
abdominal setae it resembles S. para!Ida Baehr from 
sou th- Western Au strati a. 


Sphallomorpha guttigera (Newman, 1842) 

Silphomorpha guttigera Newman, 1842: 367. 

Sphallomorpha guttigera (Newman): Baehr, 1992: 
207. 

New material examined 

Australia: Western Australia: 1 6 , Kellerberrin, 
W. Crawshaw (WADA). 

Remarks 

This species ranges from eastern South Australia 
through Victoria, Australian Capital Territory to 
northern New South Wales (Baehr, 1992). The new 
record from south-western Western Australia thus 
is doubtful, in particular because it is rather old, 
and it should be corroborated with new material. 
For the present, and because the whole guttigera 
species-group in the sense of Baehr (1992, 1994b) so 
far is unknown from Western Australia, the 
occurrence of S. guttigera in Western Australia is 
highly doubtful. 

Sphallomorpha maculata (Newman, 1842) 

Figure 16 

Silphomorpha maculata Newman, 1842: 365 

Sphallomorpha maculate (Newman): Baehr, 1992: 
235; Baehr, 2002: 107. 

New material examined 

Australia: Western Australia: 1 6, site WA06/ 
141, 15 km SE. of Florence Homestead, 21.90256°S, 
118.00259 o E, 297 in, 21 February 2006, M. Baehr 
(CBM). 

Remarks 

This species is currently known from scattered 
localities in eastern South Australia, Victoria, 
Australian Capital Territory/ New South Wales, 
and southern Queensland (Baehr, 1992, 2002), 
although most records, in particular all from South 
Australia, are old and mostly without precise 
localities. The specimen mentioned above hence is 
the first record from Western Australia and 
demonstrates the wide distribution of this rare 
inland species. The specimen was fogged from the 
trunk of an unidentified, very rough-barked 
eucalypt. 


Sphallomorpha uniformis Baehr, 1992 

Figure 16 

Sphallomorpha uniformis Baehr, 1992: 261. 

New material examined 

Australia: Western Australia: 1 9 , site WA06/36, 
Wooramel River near Meedo Homestead, 
25.65391°$, 114.62463 F, 70 m, 14 January 2006, M. 
Baehr (CBM). 

Remarks 

Sphallomorpha uniformis is a widespread species 
of the interior of Australia, recorded from central 
Queensland west of the Great Dividing Range, 
central Northern Territory, and Western Australia 
south of the Great Sandy Desert. The new specimen 
was captured from under bark of a River Red Gum 
(Eucalyptus camaldulensis ) on the banks of the dry 
Wooramel River. 


Sphallomorpha flavopicea Baehr, 1992 

Figures 4, 18 

Sphallomorpha flavopicea Baehr, 1992: 263. 

New material examined 

Australia: Western Australia: 2 d, site WA06/76, 
Koorarawalyee, 30 km E. of Yellowdine, 31.25878°S, 
120.01429°E, 433 m, 25 January 2006, M. Baehr 
(CMB); 1 d, site WA06/72, 28 km SSW. of Kool- 
yanabbin, 31.02773°S, 119.44876°E, 348 m, 24 
January 2006, M. Baehr (CMB); 1 d, 60 miles S. of 
Halls Creek, 6 December 1971, D. Williams, N.S. 
Expedition IV (WAM 45086). 

Description 

Male 

Chaetotaxy (Figure 4A). 6 st VII: 3. 

Male genitalia (Figures 4A-F). Sternum VII rather 
narrow and elongate, with deep, about v-shaped 
excision. Genital ring narrow, elongate, basally 
rather convex, lateral angles slightly prominent, 
though rounded, basal plate elongate, anteriorly 
barely excised, arms almost straight. Aedeagus 
elongate, fairly narrow, symmetrical, apex elongate, 
acute, gently upturned. Lower left surface 
conspicuously knobbed. Orifice moderately 
elongate. Internal sac conspicuously microtrichiate, 
for pattern see Figures 4B, C. Apex of right para mere 
moderately elongate. Left paramere elongate, 
narrow, upper border si most straight, lower border 
gently convex near base, apex obliquely convex. 

Remarks 

Sphallomorpha flavopicea is a rare species, 
hitherto known from only three female specimens, 
all from the southern part of Western Australia. In 
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Figure 4 Sphallomorpha flavopicea Baehr, details of male genitalia: A, male sternum VII; B, male genital ring; C, 
lower surface of aedeagus; D, right paramere; E, left paramere. .F, lateral view of aedeagus; Scale lines: 
0.5 mm. 


the shape and elytral pattern it is fairly similar to 
the common and widespread S. suturalis Germar, 
therefore it is likely confused with the latter species, 
but it is easily distinguished by the acute wings of 
the mentum and usually also by the triangular 
sutural spot which is widest at base. Because the 
new specimens are males, the male genitalia are 
described for the first time. 

The single specimen from Halls Creek in northern 
Western Australia is tentatively included in this 
species, because its aedeagus is identical with those 
of the southern specimens, and it also has the 
characteristic acute apex of the wings of the 
mentum. However, it is decidedly smaller and has 
only a narrow and quite indistinct elytral stripe. 
Hence, it may represent a related taxon, but, as the 
specimen is somewhat teneral, it even might be an 
exceptionally small specimen of S, flavopicea . In 
view of the insufficient knowledge of the ranges of 
most Western Australian pseudomorphines, even 
the very large distribution gap between the 
"normal" specimens which so far are only known 
from interior southern Western Australia, and this 
specimen which is recorded from the southern 
margin of the Kimberleys, may be rather due to this 
unsatisfactory knowledge. 

The southern specimens were either fogged from 
the trunks of rough-barked Mai lee eucalypts, or 
were collected from under bark of Salmon Gums 
(Eucalyptus salmonophloia). 


Sphallomorpha flavorufa sp. nov. 

Figures 5, 12, 17 

Material examined 

Holotype 

Australia: Western Australia: S, Harrismith, 1 
April 1991, UV-light, A. Szito (WADA 27348). 

Etymology 

The name refers to the largely flavous to rufous 
upper surface. 

Diagnosis 

The body shape, chaetotaxy, and structure of the 
male genitalia suggests this is a member of the 
albopicta species-group (Baehr, 1992). It differs, 
however, from all species of this group by its 
colouration and colour pattern, which is .more 
widely light and, at the same time, more faded than 
in all other species of the group. 

Description 

Measurements: length: 11.5 mm; width: 5.9 mm. 
Ratios: width pronotum/head: 1.65; width elytra/ 
pronotum: 1.11; width/length of pronotum: 2.51; 
length/width of elytra; 1.22 length elytra/pronotum: 
3.41. 

Colour (Figure 12): head and pronotum uniformly 
reddish. Elytra largely yellow, though lateral 
























Pseudomorphine species from Western Australia 


161 



Figure 5 Sphallomorpha flavorufa sp. nov... details of male genitalia: A, male sternum \ 11: B, male genital ring; 

C, lower surface of aedeagus; D, right paramere; E, left paramere. F, lateral view of aedeagus; Scale 
lines: A (1 mm); B-F (0.5 mm). 


margins reddish, but base except for scutellum and 
scutellar area dark picous. This colour narrows 
along suture and altogether is fading into picous 
which covers the narrow apex and the posterior 
lateral parts inside of the reddish margin. Hence, 
colour pattern distinct in basal half, becoming quite 
blurred posteriorly. Lab rum, mouth parts, and 
antenna dark reddish to light piceous. Ventral 
surface of head dark reddish, rest of ventral surface 
reddish, centre of abdomen feebly darker. Legs 
piceous, femora light reddish. 

Chaetotaxv (Figures 1 A): supraorh: 1; preorb: I, 
clyp: 1; labr: 4; mentmeci; 2; ment.lat: 6-7; gloss: 4; 
gul: 2; postorb: 3; suborb: Tl-12; pron.ant: 1 short; 
pron.post: 1; proeps: 2-3 + 2-3; marg: 18; st VI: 3; 6 
st VII: 4; 9 st VII: ?. 

Head (Figure 12): rather wide, fairly depressed, 
frontal impressions barely visible. Clypeus concave, 
elypeal sutures distinct, elongate. Lateral border of 
head convex, slight!v incurved in front of eves. 
Labrum rather wide, laterally oblique, anteriorly 
very gently excised. Men turn with shallow, 
medially slightly excised prominence. Wings of 
mentum rather elongate, fairly acute, subapically 
almost straight, oblique, medially at apex very 
oblique, then feebly oblique. Glossa feebly excised, 
border sharp. Dorsal part rather surpassing ventral, 
medially fairly excised, with several hairs. Terminal 
palpomere of labial palpus elongate, narrow, 


distinctly widened towards apex, though not 
securiform, of maxillary palpus elongate, slightly 
attenuate. Antenna elongate and delicate, median 
antennomeres c. 4- x as long as wide. Micro- 
reticulation extremely dense and fine, punctuation 
dense and moderately fine, surface with some 
transverse strioles laterally of elypeal sutures and 
near eyes, anteriorly with very fine and short, erect 
pilosity, in posterior half apparently without 
pilosity, surface rather dull. Palpi sparsely pilose. 
Galea with several short hairs along anterior border 
and at apex. Ventral surface with scattered, 
comparatively elongate pilosity. 

Pronotum (Figure 12): fairly narrow, moderately 
convex. Apex with deep excision. Anterior angles 
markedly projecting, though the very apex obtuse. 
Sides evenly rounded, widest in posterior third, 
shortly in front of posterior marginal seta, basal 
angles widely rounded. Base gently Insinuate. 
Lateral margin with extremely fine border line. 
Discal impressions rather punch form. Microret¬ 
iculation fine and dense, punctuation very dense 
and fine, difficult to detect, surface with many fine, 
irregular strioles, with extremely short, erect 
pilosity, rather dull. 

Elytra (Figure 12): elongate, rather parallel, 
moderately convex. Apex wide, obliquely convex. 
Striae barelv perceptible, only inner striae in 
posterior half marked by delicate rows ot 
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longitudinal strides, intervals absolutely depressed. 
Series of marginal pores almost uninterrupted. 
Microreticulation of surface very fine, slightly more 
superficial than on fore body, therefore surface of 
elytra markedly glossier than that of head and 
pronotum. Surface with scattered, almost invisible 
punctures and with extremely short and fine, erect 
pilosity that is detectible only under high 
magnification. 

Lower surface: prosternal process rather elongate, 
moderately wide, apex fairly convex, apparently 
impilose, ventral surface convex, evenly curved to 
apex. Metepisternum c. 2 x as long as wide. 

Legs: rather elongate. Metatarsus about as long as 
metatibia. 1 st tarsomere of metatarsus slightly 
shorter than 2 nd and 3 rd tarsomeres together. 

Male genitalia (Figures 5A-F): sternum VII wide, 
with wide, very shallow, evenly rounded excision. 
Genital ring moderately wide, triangular, basal 
border convex, lateral angles rounded, basal plate 
rather elongate, anteriorly with shallow excision. 
Aedeagus elongate, narrow in apical half, apex 
elongate, acute, tip barely upturned. Orifice 
elongate. Internal sac elongate, narrow, 
conspicuously microtrichiate, for pattern see 
Figures IB, C. Right paramere moderately elongate, 
apex rather elongate, gently widened. Left 
paramere elongate, slightly sinuate on upper and 
lower borders, apex transverse, little convex. 

Female genitalia: unknown. 

Variation: unknown. 

Distribution 

South-western Western Australia. Known only 
from the type locality (Figure 17). 

Habits 

The habits of this species are largely unknown. 
The holotype was collected at light, but like its 
congeners, it is certainly a bark-inhabiting species. 

Remarks 

The body shape, chaetotaxy, and the structure of 
the male genitalia of this species suggests it is a 
member of the albopicta species-group (Baehr, 
1992), but its relationships within this group are 
uncertain. 


Sphallomorpha clypeosetosa sp. nov. 

Figures 6, 13,18 

Material examined 

Holotype 

Australia: Western Australia: S, Nita Downs 
Station, 19°05’S, 121°41'E, Western Australia, 
January 1981, A.M. and M.J. Douglas (WAM 
45174). 


Para types 

Australia: Western Australia: 14 <5, 6 9, same 
data (WAM 45154-73; CBM 45164/65). 

Etymology 

The name refers to the unique profuse setosity of 
the clypeus. 

Diagnosis 

This species is distinguished from all known 
species of Sphallomorpha by the multisetose 
clypeus and the uniformly light reddish colour. 

Description 

Measurements: length: 8.3-9.5 mm; width: 4.15- 
4.75 mm. Ratios: width pronotum/head: 1.66-1.73; 
width elytra/pronotum: 1.11-1.16; width/length of 
pronotum: 2.22-2.31; length/width of elytra; 1.28- 
1.31; length elytra/pronotum: 3.20-3.42. 

Colour (Figure 13): upper and lower surfaces, 
including mouth parts, antennae, and legs, 
uniformly reddish. 

Chaetotaxy (Figures 6A, B, D, E): supraorb: 1; 
preorb: 1, clyp: 3-7; labr: 4-6; ment.med: 2; ment.lat: 
5; gloss: 6; gul: 2; postorb: 2-3; suborb: 1-2; 
pron.ant: -; pron.post: -; proeps: -; marg: 11-12; st 
VI: 3-5; 6 st VII: 3-4; 9 st VII: 4-5. 

Head (Figures 6A-C): short and wide, fairly 
depressed, with conspicuous, comparatively deep, 
circular frontal impressions. Eyes large, convex. 
Clypeus deeply concave, clypeal setae arising from 
remarkably large pits, clypeal sutures distinct, 
elongate, impressed, and with irregular grooves. 
Lateral margin of head anteriorly very oblique, even 
slightly concave, posteriorly suddenly convex, with 
a distinct though obtuse angle in middle, slightly 
incurved in front of eyes. Labrum wide, short, 
laterally convex, anteriorly gently convex and 
slightly asymmetrical, because the right part is 
slightly more produced, in middle slightly raised, 
with 4-6 elongate setae which arise from deep and 
large pits. Mentum gently convex in middle, with a 
narrow swelling along anterior margin. Wings of 
mentum short, wide, though apex angulate, 
subapically convex, medially oblique. Lateral 
mental setae remarkably elongate and arising from 
deep and wide pits. Glossa deeply excised, border 
angulate, setae short. Dorsal part well surpassing 
ventral, medially barely excised, without bristles or 
hairs. Terminal palpomere of labial palpus elongate, 
narrow, even slightly narrowed to the slightly 
oblique apex, terminal palpomere of maxillary 
palpus narrow and elongate. Antenna short, median 
antennomeres of antenna c. 1.75 x as long as wide. 
Microreticulation dense and fine, superficial, 
punctuation very fine, barely visible even under 
high magnification, surface almost not striolate, 
without extremely short and scattered, erect pilosity 
that is barely visible even under high magnification. 








Pseudomorphine species from Western Australia 


163 






Figure 6 Sphallomorpha clypeosetosa, sp. nov., details of head and genitalia: A, dorsal surface of head; B, lower 
surface of head; C, median antennomeres; D, male sternum VII; B, female sternum VII; F, male genital ring; 
G, lateral view of aedeagus; H, lower surface of aedeagus; I, right paramere; K, left paramere; L, female 
stylomere 2. Scale lines: A, D, E (1 mm); F-K (0,5 mm); L (0.1 mm). 


surface glossy. Palpi with rather elongate, but 
scattered pilosity. Galea with some short hairs at 
apex. Lower with the same, almost invisible pilosity 
as the upper surface. 

Pronotu m (Figure 13): short and wide, 
moderately depressed, laterally little ex plan ate, 
Apex with rather shallow excision which is slightly 
convex in middle. Anterior angles moderately 
protruding, wide, apex faintly obtuse. Sides evenly 
convex, widest slightly in front base which is 
widely rounded. Base gently bisinuate and 
projecting in middle. Lateral margin with fine 
border line. Dorsal surface rather uneven, diseal 
impressions fairly well developed and about linear, 
also with several irregular impressions. 


Microreticulation very fine, dense, somewhat 
superficial, punctuation barely visible, surface with 
some fine, irregular stdoles, with extremely fine 
and short, scattered pilosity, rather glossy. 

Elytra (Figure 13): fairly elongate, not much wider 
than pronotu m, laterally almost parallel, 
moderately convex. Apex moderately wide, slightly 
oblique, almost straight. Striae virtually not 
impressed, only marked bv moderately fine, spaced 
punctures, even inner intervals absolutely 
depressed. Series of marginal punctures widely 
uninterrupted in middle, at shoulders not irregular, 
arranged in a fairly straight line. Microreticulation 
very fine, superficial, almost isodiametric though 
arranged an about transverse rows, sparse 
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punctuation present but barely recognizable, 
surface virtually impilose, glossy. 

Lower surface: prosternal process rather elongate, 
moderately wide, apex gently rounded, ventral 
surface convex, feebly curved to apex, with a single 
elongate seta at apex. Metepistemum almost 2 x as 
long as wide. 

Legs: comparatively short. Metatarsus slightly 
shorter than metatibia. Upper surface of tarsi 
extremely sparsely pilose. 1 st tarsomere of 
metatarsus about as long as 2 nd and 3 rd tarsomeres 
together. 

Male genitalia (Figures 6D, G-K): sternum VII 
moderately wide, with wide, shallow excision and 
with 3-4 setae on either side. Genital ring wide, 
triangular, basal border asymmetrically convex, 
lateral angles little rounded, basal plate fairly 
elongate, anteriorly deeply excised, arms more or 
less distinctly sinuate. Aedeagus rather short, 
compact, wide, somewhat asymmetrical, lower 
surface straight, apex rather wide but angulate. 
Orifice rather short. Internal sac with a large, 
conspicuously knobbed plate at bpttom, for pattern 
see Figures le, f. Right paramere moderately 
elongate, with rather wide apex, basal part straight. 
Left paramere elongate, remarkably curved, with 
oblique, almost transversal apex. 

Female genitalia (Figures 6E, L): sternum VII 
elongate, apical border convex, with 5 rather 
elongate setae on either side, and with a fringe of 
short hairs at matgin. Stylomere 2 short, with short, 
obtuse apex, with 3 small ves of decreasing size, 
one small des and 2 ns. Pilosity dense and very 
elongate. 

Variation: rather little variation noted in size and 
body shape, but the number of labral and clyeal 
setae varies to a considerable degree. 

Distribution 

This species is found in north-Westem Australia 
near the edge of the Great Sandy Desert. It is known 
only from the type locality (Figure 18). 

Habits 

The habits of this species are largely unknown. 
The series was sampled "mostly from swimming 
pool of vicinity of homestead light". These are quite 
uncommon sampling circumstances, because 
pseudomorphines generally are bark-inhabiting 
animals which, moreover, are quite rarely found at 

■ight. 

Relationships 

In view of the particular clypeal, labral, and labial 
setation, this species does not fit any of the species- 
groups proposed by Baehr (1992) and hence is the 
single representative of its own group. 

The exceptional number and insertion of the 


clypeal setae, the variable number of labral setae, 
the extreme length of the lateral mental setae, and 
the colour, shape and structure of the aedeagus 
makes this an unique, quite outstanding species. 

Genus Adelotopus Hope, 1834 

Adelotopus Hope, 1834:11; Baehr, 1997: 51. 

Type species 

Adelotopus gyrinoides Hope, 1834, by monotypy. 

Remarks 

With slightly more than 130 described species 
Adelotopus is the second largest genus of 
Pseudomorphinae. With respect to the reduced 
chaetotaxy and the unique foliaceous female 
stylomeres this genus is rather apotypic within 
Pseudomorphinae and shares the ovovivipary with 
all other genera except Sphallomorpha and 
Cryptocephalomorpha (see note above). The bulk of 
the species of Adelotopus are Australian, with a few 
species recorded from New Guinea, the Moluccas, 
the Solomon Islands, Java and southernmost 
mainland Malaysia. In Australia species of 
Adelotopus occur in most regions, provided some 
tree growth is present, but apparently not in 
rainforest. Species of this genus are found as well 
under bark of bark shedding eucalypts as in the 
cracks of the thick bark of various sorts of trees. 


Adelotopus brevipennis Macleay, 1888 

Adelotopus brevipennis Macleay, 1888: 459; Baehr, 
1997: 96 

New material examined 

Australia: Western Australia: 1 6, CALM Pilbara 
Survey, site WYW01, 2 km E. of Mt. Minnie, 
22°06’14.9"S, 115°34'04.2"E, 27 November 2003-30 
April 2004 (WAM 67925). 

Remarks 

Adelotopus brevipennis is a rather common 
species throughout tropical northern Australia, but 
in Western Australia it also occurs south of the 
Great Sandy Desert, and has been already recorded 
from lower Fortescue and Millstream areas (Baehr 
1997). The new specimen was collected using a 
glycol pitfall trap. 

Adelotopus pilbarae sp. nov. 

Figures 7, 14, 17 

Material examined 

Holotype 

Australia: Western Australia: 8, CALM Pilbara 











Pseudomorphine species from Western Australia 


165 


Survey, site VVYE03, 18 km W. of ME I V Courcay, 
22°44'24.7”S, 116°27’40.E'E, 26 November 2003-2 
May 2004 (WAM 67926). 

Para types 

Australia: Western Australia: 1 do 1 same data 
(WAM 67927/8); l S, 3 ?, CALM Filbara Survey, 
site RHNW02, 24 km WSW. of Mt. Marsh, 
22°32’9"S, 118°59'51.3''E, 20 November 2003-22 May 
2004 (DEC, CBM, WAM 67929). 

Etymology 

The name refers to the occurrence of this species 
in the Filbara Region of Western Australia. 

Diagnosis 

Adelotopus pilbarae is a species of the brevi- 
pennis species-group (Baehr 1997), characterized by 
the uniformly reddish colour, rather small size, and 
wide aedeagus bearing a rather acute apex. It is 
distinguished from the most similar species, A. 
rufescens Baehr, by its smaller size; from A. flavus 
Baehr by the angulate basal angle of the pronotum 
and the darker colour; from A. elongatulus Macleav 
by the wider body; and from A. piceus Baehr by its 
lighter colour and the angulate apex of the 
aedeagus. 

Description 

Measurements: length: 5.2-5.9; width: 2.5-2.7 mm. 
Ratios. Width/length of pronotum: 1.77-1.83; width 
base/apex of pronotum: 1.57-1.60; width pronotum/ 
head: 1.69-1.74; length/width of elytra: 1.40-1.48; 
length elytra/pronotum: 2.60-2.68. 


Colour (Figure 14): upper and lower surface 
including mouth parts, antennae, and legs 
uniformly reddish, head commonly slightly darker, 
lateral margins of pronotum and elytra barely 
lighter. 

Head (Figure 14): short and wide, rather 
depressed. Anterior border convex, lateral angle 
rounded, angle laterally slightly projecting, lateral 
borders oblique. Clypeal suture semicircular, in 
middle interrupted. Labrum narrow, apex concave. 
Antennal groove laterally sharply bordered, latero- 
posteriorly with carinate area. Mental tooth 
triangular, short, apex acute. Wings of men turn 
wide, laterally rounded, apex rectangular. Glossa 
wide, tongue-like, apically widely rounded, 
centrally with distinct keel, at border with c. 12 
elongate setae and additional pilosity on upper and 
lower surface and along border. Terminal 
palpomere of maxillary palpus widened, though 
barely securiform. Terminal palpomere of labial 
palpus wide, securiform. Antenna moderately 
short, 8 lh ~9 tb antennomeres slightly <1.5 x as wide as 
long. Microreticulation fine, distinct, punctuation 
fine, dense, well visible under high magnification, 
surface with a shallow sulcus medially of eyes, 
apparently impilose, fairly dull. Ventro-laterally of 
eyes with a row of short setae. Suborbital field at 
least laterally punctate and setose. Both palpi rather 
sparsely setose, gula almost asetose. 

Pronotum (Figure 14): wide, depressed, base 
wide, apex rather narrow. Apical angles produced, 
acute, attaining the middle of the eyes. Apex 
deeply, rectangularly excised, faintly convex in 
excision, bordered. Sides convex throughout, near 
base even feebly curved inwards, widest slightly in 



Figure 7 Adelotopus pilbarae , sp. now details of male and female genitalia: A, male genital ring; B. lower surface of 

aedeagus; C, lateral view of aedeagus; D, left paramere; E, right para mere; F, female stvlomere and lateral 
plate. Scale lines: A-E (0.25 mm); F (0,1 mm). 
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front of base. Sides faintly bordered, explanate, but 
not channelled. Basal angles almost rectangular, 
distinctly produced backwards, apex obtuse. Base 
laterally concave, in not or but feebly middle 
produced, narrowly bordered. Surface near base 
with more an extremely shallow transverse 
impression. Micro reticulation fine, though distinct, 
isodiametric to somewhat irregular, punctuation 
dense and moderately fine, surface with distinct 
network of fine, irregular strioles, somewhat 
coriaceous, very sparsely pilose with extremely 
short, erect hairs, dull. 

Elytra (Figure 14): moderately elongate, 
depressed, in basal two thirds parallel, then gently 
narrowed near apex. Apex wide, faintly oblique, 
truncature feebly convex, apical angles shortly 
rounded. Humeri distinct, basal margin slightly 
oblique, without setae behind humerus. Marginal 
channel rather narrow, completely visible from 
above. Basal border incomplete, reaching only 
slightly inside of middle of base, ending abruptly. 
Lateral border asetose. Series of umbilical pores 
consisting of 6 pores behind humerus. Setae very 
short. Striae including sutural stria absent. 
Microreticulation fine, though distinct, isodiametric 
to irregularly transverse, somewhat superficial, less 
distinct than on pronotum, not coriaceous, 
punctuation fine, moderately dense, much finer and 
sparser than on pronotum, apical punctures 
somewhat rasp-like. Surface rather sparsely pilose 
with extremely short, erect hairs, rather dull. 

Lower surface: prosternal process rather elongate, 
narrow, straight, depressed, apex narrow, straight, 
faintly rounded off, shortly setose. Metepisternum 
moderately elongate, c. 1.8 x as long as wide, 
posteriorly not constricted nor hollowed. 
Abdominal sterna including sternum VI apparently 
without setae at apical border. Lower surface 
densely punctate and pilose. 

Legs: elongate, 1 st tarsomere of protarsus slightly 
longer than wide, tibial groove of profemur 
moderately deep, anterior plate only at apex 
distinctly overlapping the groove, posterior border 
of groove sharp. Femur comparatively narrow. 
Metatibia narrow and elongate, c. 6 x as long as 
wide, 1 st tarsomere of metatarsus >2.5 x as long as 
wide. Male protarsus not widened. 

Male genitalia (Figures 7A-E): genital ring rather 
wide, triangular, but markedly asymmetrical, with 
wide, short base. Sternum VII moderately wide, 
apically moderately deeply excised, basally feebly 
convex, lateral parts small. Aedeagus medium- 
sized, depressed, in middle much widened, 
asymmetrical. Lower almost straight. Apex 
angulate. Orifice very elongate, internal sac fairly 
complex, with a folci near apex. Both parameres 
rather large and elongate, both with rounded apex, 
left considerably larger than right. 

Female genitalia (Figure 7F): stylomere remarkably 


parallel-sided, virtually not widened in middle, apex 
wide, gently rounded off, with 3-4 subapical setae. 
Lateral plate elongate, with 2 apical setae. 

Variation: apart from some differences in relative 
width of pronotum and elytra, and in distinctness 
of microreticulation and punctuation of upper 
surface little variation noted. 

Vivipary: not confirmed in the examined material. 

Distribution 

This species occurs in the Pilbara region, situated 
in north-Western Australia (Figure 17). 

Habits 

The habits of A. pilbarae are largely unknown. 
All specimens were collected in glycol pitfall traps. 
Most likely this is a bark-inhabiting species that 
may dwell under loose eucalypt bark like almost all 
of its congeners. 

Relationships 

This species is a member of the brevipennis 
species-group (Baehr 1997), and is probably most 
similar to A. rufescens Baehr and A. flavus Baehr 
from extreme north-Western Australia and the 
northernmost Northern Territory. 

Adelotopus coriaceus Baehr, 1997 

Figure 18 

Adelotopus coriaceus Baehr, 1997:125. 

New material examined 

Australia: Western Australia: 1 9, CALM Pilbara 
Survey, site PW10, 3.4 km N. of Millstream, 
21°38'48.2"S, 117 0 3’32.8"E, 8 May-11 October 2004 
(WAM 67931). 

Remarks 

This peculiar species was previously known from 
two specimens from Yuendumu in western-central 
Northern Territory. The new record is the first from 
Western Australia. The specimen was collected in a 
glycol pitfall trap, but certainly this species is a 
bark-inhabiting animal like its congeners. 

Adelotopus puncticollis angustemaculatus 
Baehr, 1997 

Figure 17 

Adelotopus puncticollis angustemaculatus Baehr, 
1997:209. 

New material examined 

Australia: Western Australia: 1 3, 2 9, site 
WA06/184, Booyagin Rock, 25 km SW. of Brookton, 
32.47217°S, 116.88507 E, 295 m, 7 March 2006, M. 
Baehr (CBM). 
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Remarks 

Adelotopus puncticollis angustemaculatus is the 
western subspecies of A. puncticollis, and was 
recorded from few localities and specimens from 
the southern part of Western Australia (Baehr 1997). 
The new record extends the recorded range 
perceptibly to the west. The specimens were fogged 
from the bark of Red Tingle (Eucalyptus jacksonii). 


Adelotopus basalis sp. nov. 

Figures 8, 15, 18 

Material examined 

Holotype 

Australia: Western Australia: S, site WA06/162, 
35 km W. of Leinster, 27.96406°$, 120.43070 E, 507 
m, 2 March 2006, M. Baehr (WAM 67930). 

Para type 

Australia: Western Australia: 1 9 , same data as 
holotype (CBM). 

Etymology 

The name refers to the largely reddish elytra 
which are dark only near the base. 

Diagnosis 

Adelotopus basalis is a member of the 
seriepunctatus species-group (Baehr 1997), 
characterized by the almost completely reddish 
elytra which leave a narrow basal border only dark, 
and the acute apex of the aedeagus. It is 


distinguished from the most similar species A. 
puncticollis, by more extended red colouration on 
the elytra, the slightly smaller size, and a more 
acute apex of the aedeagus. 

Description 

Measurements: length: 4.4 4.6 mm; width: 1.3 1.7 
mm. Ratios. Width/length of pronotum: 1.31; width 
base/apex of pronotum: 1.36- 1.39; width pronotum/ 
head: 1.45-1.4; length/width of elytra: 1.67 1.70; 
length eiytra/pronotum: 2.26-2.30. 

Colour (Figure 15): head, pronotum, and base of 
elytra and the narrow margins of the elytra in basal 
two thirds black. Black basal spot on elytra 
triangular, most of elytra red. Lower surface of head 
and thorax black, abdomen reddish, darjer in 
middle. Mouth parts, antennae, and legs reddish, 
tibiae and tarsi barely darker. 

Llead (Figure 15): rather short, moderately wide, 
rather depressed. Anterior border gently convex, 
lateral angle rounded, laterally projecting, lateral 
borders concave behind eyes. Clypeal suture barely 
visible. Labrum rather wide and short, moderately 
overlapped by the clypeus, apex feebly concave. 
Antennal groove laterally sharply bordered, latero- 
posteriorly with slightly angulate area. Mental tooth 
triangular, short, apex acute. Wings of mentum 
wide, laterally oblique, apex acutely angulate. 
Glossa wide, tongue-like, apicully convex, ventrally 
with indistinct keel, at border with c. 12 elongate 
setae and additional pilosity on upper and lower 
surface and along border. Terminal palpomere of 
maxillary palpus elongate, almost parallel, not 
securiform. Terminal palpomere of labial palpus 



Figure 8 Adelotopus basalis sp. nov., details of male and female genitalia: A, male genital ring; B, lower surface of 
aedeagus; C, lateral view of aedeagus; D, left para mere; E, right paramere; F, female stvlomere and lateral 
plate. Scale lines: A-F, (0.25 mm); F (0.1 mm). 
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wide, distinctly securiform. Antenna short and 
wide, fairly parallel, 8 th -9 th antennomeres c. 1.8 x as 
wide as long. Microreticulation absent, punctuation 
dense, somewhat irregular, punctures rather coarse 
but of slightly different size. Surface with weak 
sulcus medially of eyes, impilose, glossy. Ventro- 
laterally of eyes with a row of short setae. 
Suborbital field impunctate. Gula impilose. 

Pronotum (Figure 15): rather narrow and fairly 
elongate, convex, slightly wider than long, more or 
less conical, base distinctly wider than apex, widest 
near base. Apical angles little produced, at apex 
obtuse, fairly oblique, attaining posterior border of 
eyes. Apex gently excised, slightly convex in 
excision, with extremely superficial, barely 
recognizable border line. Sides little convex, slightly 
oblique. Margins very narrow, narrowly chanelled, 
coarsely bordered. Basal angles about rectangular 
but obtuse at apex. Base faintly concave, very 
superficially bordered. Surface near base without 
recognizable transverse impression. Microret¬ 
iculation absent, punctuation dense, coarse, though 
becoming finer and less dense towards base, 
anteriroly with very fine punctures between the 
coarse ones, surface impilose, highly glossy. 

Elytra (Figure 15): narrow and elongate, convex, 
lateral margins almost parallel. Apex wide, 
transverse, truncature markedly convex, in middle 
distinctly drawn in, apical angles widely rounded 
off. Humeri rounded, basal margin slightly oblique, 
without setae behind shoulders. Marginal channel 
narrow throughout, partly concealed. Basal border 
incomplete, attaining outer third of base. Lateral 
border asetose. Series of umbilical pores consisting 
of 6 or 7 rather spaced pores behind shoulder, but 
pores small and difficult to detect. Setae fairly 
elongate. Scutellum very wide. Striae including 
sutural stria inconspicuous, marked by rows of 
moderately fine punctures. Microreticulation 
absent, each interval with fine, sparse, irregular, not 
rasp-like punctures, surface asetose, markedly 
glossy. 

Lower surface: prostern a I process rather elongate, 
moderately wide, convex, apex wide, convex, 
passing over in an almost right angle from ventral 
surface, barely setose. Metepisternum very 
elongate, c. 2.2 x as long as wide, in posterior third 
not hollowed, but becoming very narrow towards 
apex. Abdominal sterna with 1 elongate seta each 
side. Lower surface very sparsely punctate and 
barely pilose. 

Legs: rather elongate, 1 st tarsomere of protarsus 
slightly wider than long, tibia! groove of profemur 
moderately deep, anterior plate overlapping the 
groove only for apical forth, posterior border of 
groove sharp. Femur wide. Metatibia elongate, c, 
5.5 x as long as wide, l sf tarsomere of metatarsus c. 
2.4 x as long as wide. 

Male genitalia (Figures 8A-E); genital ring rather 


wide, convex, slightly asymmetrical, with slightly 
asymmetrical, very short base. Sternum VII rather 
wide, apically obliquely convex, with rather deep 
excision, base faintly excised, basal angles rounded, 
lateral parts fairly short. Aedeagus short and wide, 
moderately depressed, in middle markedly 
widened, strongly narrowed to apex, markedly 
asymmetrical. Basal part fairly short, moderately 
bent. Lower surface very convex. Apex very acute, 
dentiform, curved to left side. Orifice very elongate, 
internal sac complex, apparently without a distinct 
oblique fold near apex. Both parameres elongate, 
rather parallel, with widely rounded apex, left 
paramere considerably larger than right. 

Female genitalia (Figure 8F): stylomere wide, 
markedly widened in middle, both median and 
lateral borders slightly concave, apex oblique and 
gently convex, with 2-3 elongate apical setae. 
Lateral plate short, with 2 elongate apical setae. 

Variation: in view of the limited material, 
extremely little variation noted. 

Vivipary: not confirmed in the examined material. 

Distribution 

This species is known only from the type locality, 
located in central Western Australia (Figure 18). 

Habits 

The habits of this species are largely unknown. 
Both known specimens were collected by fogging 
the rough bark of Mulga Acacias ( Acacia aneura) in 
open Mulga country. 

Relationships 

According to the body shape, surface structure, 
colouration, and structure of the aedeagus, this 
species is most similar to Adelotopus puncticollis 
Notrnan. 


Adelotopus rubiginosus Newman, 1856 

Figure 19 

Adelotopus rubiginosus Newman, 1856: 128; Baehr, 
1997: 210; Baehr, 2002: 112. 

New material examined 

Australia: Western Australia: 4 6, 3 9, site 
WA06/98, Millie Soak, 10 km N. of Cue, 27.29033°S, 
117.91034°E, 424 m, 2-3 February 2006, M. Baehr 
(CBM); 1 9, site WA06/149, 45 km N. of Kumarina 
Roadhouse, 24.34257°S, 119.69421°E, 637 m, 23 
February 2006, M. Baehr (CBM); 1 d, 1 9, Culham, 
31°25'S, 116°26'E, 18 December 1994, R.P. McMillan 
(WAM 45104-5). 

Remarks 

Adelotopus rubiginosus is a widespread and 
common eastern and southern species (Baehr 1997). 
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All previously known specimens of this species 
from Western Australia (including the type of the 
junior synonym A. castaneus Castelnau), lack any 
precise locality data. Hence, the new specimens are 
the first recent and reliable records of A. 
rubiginosus from Western Australia. 

The new specimens were fogged from rough- 
harked blackbutt-like eucalypts {Eucalyptus nr. 
patens) and from trunks of Mulga Acacias ( Acacia 
ancura ), Those from Culham were sampled “under 
bark". 

Adelotopus houstoni Baehr, 1997 

Figures 9, 19 

Adelotopus houstoni Baehr, 1997: 224; Baehr, 2002: 
121 . 

New material examined 

Australia: Western Australia: 2 3 2, site 

WA06/132, 70 km N. of Meekatharra, 26.03523°S, 
118.68807°E, 539 m, 24 February 2006, M. Baehr 
(CBM, WAM. 67933); l 9, site WA06/153, 10 km S. 
of Meekatharra, 26.68060°S, 118,13109 L, 584 m, 24 
February 2006, M. Baehr (CBM); 1 CALM Pilbara 
Survey, site PE05, 18.5 km SE. of Mt. Florance 
Homestead, 21°53'29.5"S, 118 o 0.8"E, 24 November 
2003-7 May 2004 (WAM 67934); 1 9 , CALM Pilbara 
Survey, site RHNC09, 20 km WNW. of Rhodes 
Ridge, 23°3'13.8"S, 119 o 10°36.8 !, E, 19 November 
2003-25 May 2004 (WAM 67935); 1 2, CALM 
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Pilbara Survey, site REIN EG 9, 25 km NE. of 
Moorimoordinina Native Well, 22°24’55.6"S, 
119°59°2.4"E, 18 November 2003-20 May 2004 
(WAM 67936); I 9 , site WA06/20, 46 km NE. of 
Peak Charles, 32.64199°S, 121.50504 E, 237 m, 27 
January 2006, M. Baehr (CBM). 

Description 

Male 

Measurements: length: 4.5-5.2 mm; width: 2.0- 
2.25 mm. Ratios. Width/length of pronotum: 1.66- 
1.76; width base/apex of pronotum: 1.39-1.48; width 
pronetum/head: 1.53-1.60; length/width of elytra: 
1.49-1.55; length elytra/pronotum: 2.52-2.62. 

Male genitalia (Figures 9A-E): genital ring rather 
wide, slightly convex, little asymmetrical, with 
rather elongate apex, with slightly asymmetrical, 
rather short, fairly excised base. Sternum VII very 
wide, apically evenly convex, with moderately deep 
excision, base faintly Insinuate, in middle markedly 
convex, basal angles obtusely rounded, lateral parts 
elongate. Aedeagus short, depressed, in middle 
very much widened, slightly asymmetrical, right 
side even concave near base. Basal part rather long, 
markedly bent. Lower surface straight to gently 
concave, markedly striped. Lateral border narrow. 
Apical narrowed part comparatively short, apex 
angulate but at tip obtuse, very slightly 
asymmetrical. Orifice very elongate, internal sac 
complex, with a large oblique fold near apex. Both 



Figure 9 Adelotopus houstoni Baehr, details of male genitalia: (A), male genital ring; (B), lower surface of aedeagus; 
(CL lateral view of aedeagus; (D), left para mere; (E), right paramere. Scale lines: 0.25 mm. 
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parameres rather elongate and parallel, at apex 
widely rounded off, left paramere considerably 
larger. 

Remarks 

This species was previously known only from the 
female holotype captured near Banjiwarn 
Homestead, north-east of Wiluna. In external and 
genitalic morphology it is very similar to A. adustus 
Baehr, but differs by being generally smaller in size, 
always reddish in colour, with much finer and 
sparser punctuation of the pronotum and elytra, 
and the wider female stylomere. 

The new specimens from near Meekatharra and 
those from the Pilbara closely match the holotype in 
shape and structure, whereas the single female 
specimen from near Peak Charles is only 
provisionally included in this species, because the 
punctation of the elytra is perceptibly denser and 
coarser. Males from this southern locality are 
required for final assessment of their taxonomic 
status. Two of the new specimens are males, 
allowing the male genitalia of this species to be 
described for the first time. 

Adelotopus adustus Baehr, 1997 

Figure 20 

Adelotopus adustus Baehr, 1997: 229; Baehr, 2002: 

117. 

New material examined 

Australia: Western Australia: 2 6,2 9, site 
WA06/49, Murchison River, 5 km E. of Galena 
Bridge, 27.83590°S, 114.71719 E, 125 m, 18 January 
2006, M. Baehr (CBM); 3 2, site WA06/35, Lake 
Koorkoordine, 3 km N. of Southern Cross, 
31.18233°S, 119.30811 E, 352 m, 7 January 2006, M. 
Baehr (CBM); 56 6 2, site WA06/68, 1 km W. of 
Cunderdin, 31.65293°S, 117.21513 E, 202m, 23 
January 2006, M. Baehr (CBM, WAM 67937-41); 1 
2, site WA06/85, 30 km NNW. of Leonora, 
28.61799°S, 121.19967 E, 441 m, 30 January 2006, 
M. Baehr (CBM); 1 6, site WA06/157, 90 km W. of 
Sandstone, 28.05690°S, 118.44989 E, 444 m, 27 
February 2006, M. Baehr (CBM); 1 2, site WA06/ 
160, 25 km N. of Mt. Keith, 27.09955°S, 120.44376 
E, 541 m, 1 March 2006, M. Baehr (CBM); 2 2, site 
WA06/161, 5 km N. of Lake Miranda, 27.59482°S, 
120.53724 E, 480 m, 1 March 2006, M. Baehr 
(CBM). 

Remarks 

This species has been previously recorded from a 
few old specimens from Western Australia and 
north-western Victoria, mostly lacking precise 
localities (Baehr 1997). The additional records from 
the latter area cited by Baehr (2002), however, I now 
believe to belong rather to A. laticollis Baehr than to 


A. adustus . Hence, the occurrence of this species in 
Victoria is still doubtful. 

The new material suggests a wide distribution of 
this species in central and southern inland Western 
Australia. Moreover, some external features (colour, 
size, degree of punctuation of the surface) seem to 
be quite variable, since the specimens from 
Murchison River (site WA06/49), Lake 
Koorkoordine (site WA06/35), and most specimens 
from Cunderdin (site WA06/68) are dark piceous or 
even completely black, whereas those from more 
inland/northern localities are rather reddish. The 
specimens from Murchison River which are 
completely black are more densely and coarsely 
punctate on the pronotum and elytra than the other 
specimens. However, the male and female genitalia 
of dissected specimens from all localities are similar 
to those figured by Baehr (1997) and do not show 
any major differences. Therefore, it seems that all 
specimens belong to a single widespread and quite 
variable species. 

The new specimens were either collected from 
under bark of River Red Gum (Eucalyptus 
camaldulensis), Salmon Gum (E. salmonophloia), 
and Redwood ( E. transcontinentalis), or they were 
fogged from the rough-barked trunks of Mulga 
Acacias (Acacia aneura ) and of an unidentified 
extremely rough-barked Acacia. 


Adelotopus minutus sp. nov. 

Figures 10, 20 

Material examined 

Holotype 

Australia: Western Australia: 6, site WA06/13, 3 
km E. of Ravensthorpe, 33.60543°S, 119.87906°E, 166 
m, 2 January 2006, M. Baehr (WAM 67942). 

Etymology 

The name refers to the small size of this species in 
comparison to the most similar species. 

Diagnosis 

Small, short and wide, reddish species of the 
rubiginosus species-group of Baehr (1997), 
characterized by presence of traces of 
microreticulation on frons and by striolate 
aedeagus; distinguished from both most similar 
species Adelotopus adustus Baehr and A. houstoni 
Baehr by the smaller size, narrower aedeagus 
bearing a longer and narrower, at left side (seen 
from below) not convex apical part and more acute 
apex, and much wider genital ring. Further 
distinguished from A. adustus by its reddish 
colouration and non-triangular right paramere; and 
from A. houstoni by the decidedly denser and 
coarser punctuation on the pronotum and elytra. 
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Description 

Measurements: length; 3.9 mm; width: 1.75 mm. 
Ratios. Width/length of pronotum: 1.74; width 
base/apex of pronotum: 1.44; width pronotum/ 
head: 1.52; length/width of elytra: 1.43; length 
elytra/pronotum: 2.50. 

Colour: upper and lower surface including mouth 
parts, antennae, and legs reddish. 

Head: rather short, fairly wide, rather depressed. 
Anterior border gently convex, lateral angle 
rounded, laterally faintly projecting, lateral borders 
slightly narrowed behind eyes. Clvpeal suture only 
at base distinct, in middle widely interrupted. 
Lahrurn rather wide and short, moderately 
overlapped by the clypeus, apex moderately 
concave. Antennal groove laterally sharply 
bordered, latero-posteriorly with slightly convex 
area. Mental tooth triangular, short, apex acute. 
Wings of mentum wide, laterally rounded, apex 
obtuse. Glossa fairly wide, tongue-like, apically 
convex, ventrally with distinct keel, at border with 
c. 10-12 elongate setae. Terminal palpomere of 
maxillary palpus moderately widened, fairly 
securiform. Terminal palpomere of labial palpus 
wide, securiform. Antenna moderately wide, 8 th -9 th 
antennomeres c. 1.5 x as wide as long. Micro¬ 
reticulation fine, superficial, though visible, 
punctuation very fine, fairly dense. Surface with 
weak sulcus medially of eyes, im pi lose, rather 
glossy. Ventro-laterally of eyes with a row of short 
setae. Suborbital field punctate and shortly setose. 
Gula impilose. 


Pronotum: rather wide, rather convex, base 
distinctly wider than apex, widest near base. Apical 
angles moderately produced, at apex acute, fairly 
oblique, well surpassing posterior border of eyes. 
Apex fairly excised, markedly convex in excision, 
feebly bordered. Sides gently convex, moderately 
oblique. Margins rather wide, moderately 
channelled, finely bordered. Basal angles widely 
rounded off. Base straight, rather distinctly 
bordered. Surface near base with shallow transverse 
impression. Microreticulation much reduced, 
highly superficial, punctuation moderately fine, 
rather dense, surface with fine, irregular strfoles, 
impilose, highly glossy. 

Elytra: rather wide and short, moderately 
convex, slightly depressed on disk, very gently 
narrowed from base. Apex wide, slightly oblique, 
truncature faintly convex, apical angles widely 
rounded off. Humeri rounded, basal margin 
slightly oblique, without setae behind shoulders. 
Marginal channel moderately wide, partly 
concealed. Basal border incomplete, attaining 
about middle of base. Lateral margin asetose. 
Series of umbilical pores consisting of 6 rather 
spaced pores behind shoulder. Setae fairly 
elongate. Striae including sutural stria absent. 
Microreticulation absent, punctuation moderately 
coarse, rather dense, surface impilose, very 
glossy. 

Lower surface: prosternal process rather short, 
narrow, convex, apex very short, narrow, 
compressed, passing over in an almost right angle 



Figure 10 Acielotopus minutus sp. now, details of male genitalia: A, male genital ring; R, lower surface of aedeagus; C, 
lateral view of aedeagus; D, left para mere: E, right paramere. Scale lines: 0.25 mm. 
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from ventral surface, shortly setose. Metepistemum 
elongate, c. 1.8 x as long as wide, in posterior third 
not hollowed. Abdominal sterna with 1 elongate 
seta each side. Lower surface rather densely 
punctate and shortly pilose. 

Legs: elongate, 1 st tarsomere of protarsus slightly 
longer than wide, tibial groove of profemur 
moderately deep, anterior plate overlapping the 
groove for about apical third, posterior border of 
groove sharp. Femur wide. Metatibia elongate, c. 6 
x as long as wide, 1 st tarsomere of metatarsus 2.4 x 
as long as wide. 

Male genitalia (Figures 10A-E): genital ring very 
wide, convex, asymmetrical, with moderately 
elongate apex, with asymmetrical, very short, 
excised base. Sternum VII very wide, apically 
evenly convex, with moderately deep excision, base 
faintly bisinuate, in middle convex, basal angles 
obtusely rounded, lateral parts elongate. Aedeagus 
short, depressed, in middle moderately widened, 
asymmetrical, right side almost straight. Basal part 
rather long, markedly bent. Lower surface almost 
straight, markedly striped. Lateral border narrow. 
Apical narrowed part elongate, apex remarkably 
acute, asymmetrical. Orifice very elongate, internal 
sac complex, with a large oblique fold near apex. 
Both parameres rather elongate, at apex widely 
rounded off, right paramere fairly parallel, left 
paramere considerably larger and more triangular- 
convex towards apex. 

Female genitalia: unknown. 

Variation: unknown. 

Vivipary: not confirmed in the examined material. 

Distribution 

This species is known only from the type locality 
in southern-most Western Australia (Figure 20). 

Habits 

Largely unknown. Holotype collected from under 
bark of Salmon Gum ( Eucalyptus salmonophloia). 

Remarks 

According to the shape and structure of the male 
aedeagus, this species is most similar to A. adustus 
Baehr and A. houstoni Baehr. 

Adelotopus paroensis Castelnau, 1867 

Figure 19 

Adelotopus paroensis Castelnau, 1867: 32; Baehr, 
1997: 312; Baehr, 2002: 124. 

New material examined 

Australia: Western Australia: 1 6 , site WA06/46, 
10 km WNW. of Northampton, 28.31817°S, 
114.54298°E, 72 m, 11 January 2006, M. Baehr 
(CBM). 


Remarks 

This very widespread and common species from 
the drier areas of southern and eastern Australia 
was not previously reliably recorded from Western 
Australia, from where only an unspecified old 
series were previously available. The new specimen 
from Northampton is the first reliable Western 
Australian record. Apparently, A. paroensis is rare 
in Western Australia, since no other specimens 
could be collected in spite of ample hand collecting 
and fogging of tree trunks, and no specimens were 
found in any of Western Australian collections 
examined by the author. The new specimen was 
sampled from under bark of a River Red Gum 
(Eucalyptus camaldulensis). 

Genus Cainogenion Notman, 1925 

Cainogenion Notman, 1925:11, 30; Baehr, 1997: 328. 

Type species 

Adelotopus ipsoides Newman, 1837 by original 
designation. 

Remarks 

The exclusively Australian genus Cainogenion at 
present includes 13 taxa of quite similar shape and 
structure. According to certain highly apomorphic 
features of legs and female stylomeres the genus 
forms a group with Adelotopus and Paussotropus, 
but certainly is nearer related to the latter genus 
(Baehr 1994a). Species of Cainogenion can be 
found in most parts of Australia, but apparently 
they are much rarer than those of Adelotopus. 
They live under bark or in deep cracks in the bark 
of various trees and rarely they are also attracted 
to the light. 

Cainogenion ipsoides occidentale Baehr, 1997 

Figure 20 

Cainogenion inpsoides occidentale Baehr, 1997: 344. 

New material examined 

Australia: Western Australia: 1 9, Little Darkin 
Swamp, 32.04°S, 116.30 E, 25 October 1987, J. M. 
Waldock (WAM 67943). 

Remarks 

This subspecies is restricted to south-western 
Australia, whilst the other is found in south-eastern 
Australia (Baehr 1997). To date, only a few 
specimens have been recorded, and only one bears 
a precise locality (Pemberton). 

Genus Paussotropus Waterhouse, 1877 

Paussotropus Waterhouse, 1877: 3; Baehr, 1997: 370. 
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Figures 11-15 Habitus. 11, Sphallomorpha permutata sp. nov.; 12, S. flavorufa sp. nov.; 13, S. clypeosetosa sp. nov.; 14, 
Adelotopus pilbarae sp. nov.; 15, A. basalis sp. nov. 


Type species 

Paussotropus parallelus Waterhouse, 1877 (junior 
synonym of Adelotopus cylindricus Chaudoir, 
1862), by monotypy. 

Remarks 

The monotypic genus Paussotropus in many 


respects exhibits the utmost morphological 
development within Pseudomorphinae, in body 
shape and structure, shape of legs, antennae, female 
genitalia, and also of larvae (Baehr 1997). The single 
species Paussotropus cylindricus even is commonly 
mistaken for a cucujid or colydiid, because its shape 
and structure is much derived from that of a 
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Figure 16 Recorded distribution in Western Australia: 

Sphallomorpha fallax (Westwood) (■); S. 
parinterioris sp. nov. (•); S. polysetosa Baehr 
( ♦ ); S. maculata (Newman) (J^); S. 
urtiformis Baehr (▼). (P = Perth; scale line: 
500 km). 



Figure 18 Recorded distribution in Western Australia: 

Sphallomorpha flavopicea Baehr (•); S. 
clypeosetosa sp. nov. (■); Adelotopus 
coriaceus Baehr ( ♦ ); A, basalis sp. nov. (A). 
(P = Perth; scale line: 500 km). 



Figure 17 Recorded distribution in Western Australia: 

Sphallomorpha permutata sp. nov. (•); S. 
szitoi sp. nov. (♦ ); S. flavorufa sp. nov. (A); 
Adelotopus pilbarae sp. nov. (■); A. 
puncticollis angustemaculatus Baehr (▼). (P 
= Perth; scale line: 500 km). 



Figure 19 Recorded distribution in Western Australia: 

Adelotopus rubiginosus Newman (•); A. 
houstoni Baehr (■); A. paroensis Castelnau 
( ♦ ). (P = Perth; scale line: 500 km). 
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“normal" earabid. The unique species is distributed 
through large parts of Australia, but is rarely 
sampled and mostly at light. Hence we do not even 
know where and how it lives. 

Paussotropus cylindricus (Chaudoir, 1862) 

Figure 20 

Cainogenion cylindricum Chaudoir, 1862: 490. 

Paussotropus cylindricus , Baehr, 1997: 370; Baehr, 
2002: 124. 

New material examined 

Australia: Western Australia: 1 9 , CALM Pilbara 
Survey, DRW09, 7 km SE Marda Pool, 21°4rH.7"S / 
lie^12 , 24.7"E, 25.IX-26 November 2003 (DEC). 

Remarks 

This is a rare though widespread species that is 
recorded from scattered localities throughout 
Australia, but almost all records (if specified at all) 
are from light samples, hence we do not yet know 
anything about habits and life history. The new 
specimen was sampled in a glycol pitfall trap which 
certainly is a rather untypical sampling method. 



Figure 20 Recorded distribution in Western Australia: 

Adelotopus adustus Baehr (#); ,4. nunutus 
sp. nov. ( ♦ ); Cainogenion ipsoides 
occidentals Baehr (■); Paussotropus 
cylindricus (Chaudoir) (^). (P = Perth; scale 
line: 500 km). 


Recognition 

To insert the new species in the general keys 
(Baehr 1992, 1997, 2002), these must be altered as 
mentioned below (figures of these revisions are 
inserted as B92 Figure and B97 figure). 


Sphallomorpha parinterioris sp. nov. 

Using the key to species in Baehr (1992) either 
couplet 22 is reached (for males) if the preorbital 
seta is absent, of couplet 29 if it is present. For 
females either couplet 39 is reached if the preorbital 
seta is present, or couplet 42 if it is present. These 
couplets must be altered as follows: 


22. Preorbital seta absent.. 22a 

Preorbital seta present.24 


22a. Pronotum with 2 or more posterior marginal 
setae; either apex of aedeagus acute, hook¬ 
shaped and suddenly bent down (B92 
Figures 38i, k), or more gently curved 
down, in this case sternum VII deeply 
excised (B92 Figures 5li, k, g) (north¬ 
eastern NSW, eastern QLD).23 

Pronotum with a single posterior marginal 
seta; apex of aedeagus obtuse, barely bent 

down (Figure I E, F) (central WA). 

...S. parinterioris sp. nov. 

29. Aedeagus with wide, obtuse apex; left 
paramere elongate, narrow, sinuate, 
excision of sternum VII shallow and very 
wide, somewhat rectangular (Figures IB, 
E ; B92 Figures 52g, k) (central NT, central 

WA). .29a 

Aedeagus with attenuate, rather narrow, 
convex apex; left paramere shorter, wide, 
not sinuate; excision of sternum VII 
evenly concave (B92 Figures 47g, k, 48g, 
k, 50g, k) (eastern AUS, northern NT)... 30 

29a. Apex of aedeagus sharply bent down (B92 

Figure .32 i.) (central NT) . 

...S. in ter tot is Baehr 

Apex of aedeagus barely bent down (Figure 
IE) (central WA) .. S. parinterioris sp. nov. 


39. Preorbital seta absent.39a 

Preorbital seta present...40 


39a. Pronotum with 2-3 posterior marginal setae; 

sternum VII elongate, apex of stylomere 2 
moderately elongate, rather obtuse (B92 

Figures 31 n, o) (northern Qld). 

....5. striatopunctata Baehr 

Pronotum with a single posterior marginal 
seta only; sternum VII shorter, stylomere 
2 elongate and acute (Figures 1C, I; B92 

Figures 52n, o) (central WA).. 

.5. parinterioris sp. nov. 
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42. Punctuation of striae and intervals finer; 

either sternum VII markedly elongate 
(B92 Figure 47n), or elytra shorter, ratio 1/ 
w <1.20(eastern QLD, northern NT, 

northern WA).43 

Punctuation of striae and intervals coarse; 
sternum VII short (Figure 1C; B92 Figure 
52n), and elytra always elongate, ratio 1/w 
>1.20 (central NT, central WA) .42a 

42a. Stylomere 2 with short apex (B92 Figure 52p) 

(central NT). S. interioris Baehr 

Stylomere 2 with elongate apex (Figure II; 

B92 Figure 52o) (central WA). 

... S. parinterioris sp. nov. 


Sphallomorpha permutata sp. nov. 

Using the key to species in Baehr (1992) either 
couplet 85. is reached (for males), or couplet 109 is 
reached for females. These couplets must be altered 
as follows: 

85. Aedeagus rather short, slightly sinuate, apex 
wide, obtusely rounded, orifice short; 

excision of sternum VII wide, rather 

shallow, sternum with 5-8 setae, setae 
usually shorter (B92 Figures 78g, i, k, 79g, 

i, k).86 

Aedeagus varied, but when short, then not 
sinuate, apex less wide, rather acute, 
orifice elongate; excision of sternum VII 
usually deep, sternum with 12-20 very 
elongate setae (Figure 2B; B92 Figures 92g, 
i, k, 94g, i, k).87 

87. Labrum 6-setose; punctuation of elytra 

coarse, though rather sparse and irregular; 
aedeagus see B92 Figures 94i,k; right 
paramere with shorter apex (B92 Figure 
941) (north-western VIC)... S. dixoni Baehr 
Labrum 4-setose; punctuation of elytra less 
coarse, though dense and regular; 
aedeagus see Figure 2E, F; B92 Figures 92i, 
k; right paramere with longer apex 
(Figure 2G; B92 Figure 921) (NSW, eastern 
QLD, south-western WA)...87a 

87a. Sternum VII with 12-16 setae (B92 Figure 

92g); aedeagus symmetrical, dark area at 
left side more extended (B92 Figure 92i, k) 

(eastern NSW, eastern QLD). 

...S. polita (Macleay) 

Sternum VII with 17-18 setae (Figure 2B); 
aedeagus slightly asymmetrical, dark area 
at left side less extended (Figure 2E, F) 
(south-eastern WA) S. permutata sp. nov. 

109. Sternum VII slightly shorter, with 14-20 setae 
(Figure 2C; B92 Figure 92n); punctuation 


of elytra slightly less dense (B92 Figure 

401).... 109a 

Sternum VII slightly longer, with 11-14 setae 
(B92 Figure 91n); punctuation of elytra 
slightly denser (B92 Figure 400) (northern 

QLD, northern NT, northern W A). 

.S. laevis (Castelnau) 

109a. Sternum VII with 14-17 setae (B92 Figure 

92n) (northern NSW, eastern QLD) . 

.S. polita (Macleay) 

Sternum VII with 19-20 setae (Figure 2C) 
(south-eastern WA).. S. permutata sp. nov. 


Sphallomorpha szitoi sp. nov. 

Using the key to species in Baehr (1992) couplet 
106 is reached (for the only known female). This 
couplet must be altered as follows: 

106. Sternum VII with only 2 setae (Figure 3A); 

elytra elongate and rather parallel, ratio 1/ 

w c. 1.25 (south-western WA).... 

.S. szitoi sp. nov. 

Sternum VII with >9 setae (B92 Figures 79n, 
9In, 92n, 93n, 97n); elytra shorter and 
laterally more convex, ratio 1/w < 1.20 
(eastern AUS, northern QLD, northern 
NT, northern WA).106a 

106a = 106 of key 


Sphallomorpha flavopicea Baehr 

Using the key to species in Baehr (1992) couplet 
165 is reached. This couplet must be altered as 
follows: 

165. Small species (<7 mm); preorbital seta absent; 

antenna short (median segments c. 1.4 x as 
long as wide) (B92 Figure 120e); des and 
ves of stylomere 2 dose to apex, base not 
concealed (B92 Figure 120o); elytra with 
ill defined, large, heart-shape spot and 
with very ill delimited lateral margin (B92 
Figure 283); male unknown (south¬ 
western WA).S. wilgae Baehr 

Usually larger species (>7.3 mm), when small, 
then with sutural stripe; preorbital seta 
present; antenna longer (median segments 
>2 x as long as wide); des and ves of 
stylomere 2 perceptibly removed from 
apex, base concealed or not (B92 Figures 
161o, 168o, 179o); elytra with less ill 
defined, variously patterned.166 

166. Rather small (6.8—7.5 mm), characteristically 

light piceous-ochraceous coloured species 
with very wide, light borders to pronotum 
and elytra and a wide, triangularly 
attenuate discal stripe (B92 Figure 312); 
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apex oi wings of mention acute, gular 
sutures obtusely angulate (B92 Figure 
160); aedeagus elongate, with acute and 
slightly upturned apex, on left side 
conspicuously knobbed, left para mere 
remarkably elongate (Figures 4B-E); base 
of stylomere 2 not concealed, two widely 
spaced ves present (B92 Figure 161 o) 

(WA).S. flavopicea, sp. now 

Usually larger (>7.3 mm) species with 
different pattern and colouration; apex of 
wings of mention obtuse, gular sutures 
almost evenly convex (B92 Figures 167, 
169, 171, 178, 180); base of stvlomere 2 
partly concealed (unknown in one 
species), ves usually less spaced (B92 
Figures 170a, 172o, 179o, 181o-192o) . 167 


Sphallomorpha flavorufa sp. nov. 

Using the key to species in Baehr (1992) couplet 
133 is reached (for the only known male). This 
couplet must be altered as follows: 

133. Head and pronotum reddish, elytra almost 
completely yellow, leaving only the 
suture dark which widens towards base 
but leaves scutellar area reddish, and 
margin in apical half slightly darker 

(Figure 12) (south-western WA). 

. S. flavorufa sp. nov. 

Head and pronotum either reddish or dark, 
but elytra always with much less 
extended, definite discal patch or stripe 
(B92 Figures 336-341). 133a 

133a =133 of key. 

clypeosetosa species-group 

Using the key to species-groups in Baehr (1992) 
couplet 19 is reached. This couplet must be altered 
as follows: 

19. Ci v pens with more than the usual 2 setae 
(Figure 6A); all fixed setae on head and 
sternum VII conspicuous and pit-shaped 

(Figures 6A, B, D, E). 

. S. clypeosetosa species-group 

Clvpeus only with the usual 2 setae; fixed 
setae on head and sternum VII not pit- 
shaped ...... 19a 

19a = 19 of key. 


Sphallomorpha clypeosetosa sp. nov. 

Using the key to species in Baehr (1992) couplet 
1.14 is reached. I his couplet must be altered as 
follows: 
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114, Clvpeus with more than the usual 2 setae 
(Figure 6A); all fixed setae on head and 
sternum VII conspicuous and pit-shaped 
(Figures 6A, B, D, E); colour uniformly 

light reddish.5. clypeosetosa sp. nov. 

Clvpeus only with the usual 2 setae; fixed 
setae on head and sternum VII not pit¬ 
shaped; light brown, piceous, or black 
species....... 114a 

1 14a =114 of key. 

Adelotopus pilbarae sp. nov. 

Using the key to species in Baehr (1997) couplet 

96 is reached. This couplet must be altered as 

follows: 

96. Large species, length 6.5-6.9 mm, body wide, 

markedly depressed, colour light reddish, 
with very wide pronotum with wide base, 
ratios w/1 of pronotum 1.84-1.88, base/ 
apex >1.74; apical angles of pronotum 
remarkably elongate, basal angles almost 
rectangular, markedly projecting 
posteriorly, base laterally distinctly 
concave (B97 Figure 113); aedeagus see 
B97 Figures 112g, h; stylomere markedly 
widened in middle (B97 Figure 1121) 

(northern WA). A, rufescens Baehr 

Generally smaller species, length <6.55 mm, 
body narrower, less depressed, colour 
either yellow, or darker reddish or 
reddish-piceous, with narrower pronotum 
and narrower base, ratio w/1 of pronotum 
<1.83, hase/apex <1.64; apical angles of 
pronotum less elongate, basal angles 
rectangular or obtuse, more or less 
projecting posteriorly, base laterally less 
distinctly concave (Figure 14; B97 Figures 
114, 298, 302-307); aedeagus see Figure 
7B F; B97 Figures 109g-k, T15g-k, H9g-k 
.. 97 

97. Colour vellow; lateral margin of pronotum 

much incurved towards base, basal angle 
obtuse (B97 Figure 114); elytra short, ratio 
1/w 1.3; aedeagus see B97 Figures T15g-k 

(northern NT).. A. flavus Baehr 

Colour reddish to piceous; lateral margin of 
pronotum less incurved towards base, 
base rectangular or obtuse, in latter case 
colour piceous with lighter margins 
(Figure 14; B97 Figures 303-307); elytra 
1 o n g e r, rati o I / w >1.38; a e d e a g u s (s e e 
Figure 713—E; B97 Figures "109g-k, 1 log k. 
119g-k) .......J. 98 

Either pronotum wide, ratio w/1 >1.77 or 
eivtra narrow and elongate, ratio 1/w > 
1,62 (Western Australia) ..99 


98 . 
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Ratio w/I of pronotum <1.74 and ratio 1/w of 
elytra <1.55 (Eastern Australia).. 100 

99. Body longer, parallel, with narrower 
pronotum, ratios w/1 of pronotum <1.72,1/ 
w of elytra >1.62; aedeagus longer and 
narrower, with longer apex (B97 Figure 
109g) (northern WA north of Great Sandy 

Desert). A. elongatulus Macleay 

Body shorter, wider, with wider pronotum, 
ratios w/1 of pronotum >1.77, 1/w of elytra 
<1.48; aedeagus shorter and wider, with 
shorter apex (Figure 7B; B97 Figure 116g) 
(WA south of Great Sandy Desert).99a 

99a. Colour piceous, with lighter margins of 
pronotum and elytra; basal angles of 
pronotum produced over base, base 
straight; aedeagus with widely rounded 
apex (B97 Figure 116g); female stylomere 
unknown (southern WA). A. piceus Baehr 
Colour reddish, without distinctly lighter 
margins of pronotum and elytra; basal 
angles of pronotum produced over base, 
base laterally sinuate; aedeagus with 
narrowly rounded to angulate apex 
(Figure 7B); female stylomere parallel 

(Figure 7F) (southern WA). 

. A. pilbarae sp. nov. 

Adelotopus basalis sp. nov. 

Using the key to species in Baehr (1997) couplet 

20 is reached. This couplet must be altered as 

follows: 

20. Only base of elytra narrowly black, apical 4/5 

red. Body narrow, very elongate, 
cylindrical (eastern Qld, northern NT, 

northern WA). A. linearis Macleay 

Either base of elytra more extensively black, 
usually only apex more or less widely red 
or base narrowly black, but black colour 
visible laterally in basal half.21 

21. More than apical half of elytra reddish and 

reddish area anteriorly remarkably convex 
and prolonged along suture (Figure 15; 
B97 Figures 50, 356, 357) and head and 
pronotum densely and coarsely 
punctuate; apex of aedeagus remarkably 
acute, dentiform (Figure 8b; B97 Figures 
168g, 169g); lateral plate of female 
stylomere very short (Figure 8F; B97 

Figures 1681, 1691).22 

Either only apex of elytra reddish or reddish 
area anteriorly straight or concave or head 
and pronotum not coarsely punctate. 
Apex of aedeagus never dentiform. 
Lateral plate of female stylomeres usually 
less short. 23 


22. Red colour occupying almost the whole of 
the elytra, base only narrowly black and 
lateral black margin narrow, 
inconspicuous and developed only in 
basal half (Figure 15); size smaller, length 
<4.6 mm; apex of aedeagus even more 

acute (Figure 8B) (central WA). 

. A. basalis sp. nov. 

Red colour occupying at most the posterior 
two thirds of the elytra, base more widely 
black and lateral black margin wider, 
conspicuous and complete (B97 Figure 
357); size larger, length >4.8 mm; apex of 
aedeagus slightly less acute (B97 figsl68g, 
169g) (south-western WA, SA, VIC, south¬ 
western NSW).22a 

22a = 22. of key 


Adelotopus houstoni Baehr and Adelotopus 
minutus sp. nov. 

Using the most recent key to the species of the 
rubiginosus species-group in Baehr (2002) for males 
of A. houstoni and A . minutus couplet 115 is 
reached. This couplet must be altered as follows: 
115. Small species, length < 4.0 mm; aedeagus 
with triangular, elongate and remarkably 
acute apex and genital ring very wide 
(Figures 10A,B) and colour reddish and 
pronotum and elytra densely and rather 
coarsely punctuate; female unknown 

(southern WA)...A. minutus sp. nov. 

Larger species, length >4.5 mm, usually 
considerably larger; aedeagus with less 
triangular and acute apex, commonly 
genital ring narrower (Figures 9A,B; B97 
Figures 177f,g-180f,g); colour reddish to 
piceous, or even black; punctuation of 
pronotum and elytra various, but when 
body length <5.0 mm, punctuation sparse 
...115a 

115a. Surface usually piceous to black, rarely 
reddish; punctuation of pronotum and 
elytra remarkably dense and coarse; 
pronotum with wide base, ratio base/apex 
1.52-1.58; male genitalia see B97 Figures 

179f-k (southern half of WA).. 

...A. adustus Baehr 

Surface reddish; pronotum and elytra less 
densely and coarsely punctuate; 
pronotum with slightly narrower base, 
ratio base/apex <1.48; male genitalia 
variable (Figure 9A-E; B97 Figures 177 
f k, 178 f-k, 180 f-k).115b 

115b. Aedeagus very asymmetrical, more convex 
towards apex, laterally slightly impressed 
(B97 Figure 177g); left para me re large. 
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somewhat triangular (B97 Figure 177k), 
punctuation on pronotum rather dense 
and fairly coarse, on elytra fine and sparse 

(SA, VIC, western NSW, central NT). 

.A. virgatus Baehr 

Aedeagus less asymmetrical, less convex 
towards apex, laterally not impressed 
(Figure 9b; B97 Figures 178g, 180g); left 
paramere less triangular (Figure 9d; B97 
Figures 178k, 180k); punctuation either 
moderately dense and coarse or sparse 
and very fine on both, pronotum and 
elytra.116 

116. Punctuation of surface very dense and fairly 

coarse (B97 Figure 519); aedeagus faintly 
concave towards apex (B97 Figure 180g); 
right paramere elongate, triangular, with 
acute apex (B97 Figure 180k); female 
unknown (NT).... A. punctatissimw Baehr 
Punctuation of surface sparse and fine (B97 
Figure 517); aedeagus faintly convex 
towards apex (Figure 9B; B97 Figure 
180g); right paramere either elongate with 
wide apex (Figure 9E), or short (B97 
Figure 178k); female unknown.117 

117. Large species, length 5.8 mm; elytra shorter 

and wider, ratio 1/w 1.45; aedeagus 
narrower, right paramere short (B97 

Figures 178g,i) (central NT). 

.A. brittoni Baehr 

Smaller species, length <5.2 mm; elytra longer 
and narrower, ratio 1/w 1.49-1.55; 
aedeagus wider, right paramere elongate 
(Figures 9B,E) (central and northern WA 

so u th o f G re a t Sa n d y De se r t). 

.A. lioustoni Baehr 

Remarks 

The above records which do not pretend to 
represent the results of a systematic survey, clearly 
demonstrate the still extremely insufficient 
knowledge about species inventory and distribution 
of the arboricolous pseudomorphines in Western 
Australia. For further surveys, therefore the 
extended use of more sophisticated sampling 
methods is suggested, like collecting under loose 
hark with aid of an umbrella, fogging tree trunks, 
and even sampling by use of pitfall traps. Most 
surprising and also stimulating such surveys is the 
discovery of a striking and unique new species (S. 
clypeosetosa) at the margin of Great Sandy Desert 
where arboricolous pseudomorphines are not likely 
supposed to exist. 

Certainly the tropical part of Western Australia, 
north of Great Sandy Desert, is richer in species 
than the drier interior with its much more scattered 
tree growth, but even the dwarf, rather bush-like 
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arid country tree vegetation of interior Western 
Australia, mainly composed of Malice and Mulga, 
harbours quite a number of pseudomorphine 
species, even when the occurrence of species seems 
to be quite scattered. Therefore, apart from its 
taxonomic purpose, this paper should encourage 
any collectors of invertebrates to pay attention to 
these animals and to use more widely those 
sampling methods that are enumerated above. 
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Abstract - Re-examination of the holotypes of the earliest Cambrian molluscs 
Yangtzemerisma rarum Yu, 1984 and Merismoconcha multisegmentata Yu, 
1979, revealed some new structures such as soft-bodied organs and the 
number and position of the dorsoventral locomotive muscle scars. This new 
information is added to previous knowledge of the form of the shell, the 
elongate-ovate aperture, the growth lines and reticulate sculpture. Together 
indicate that the Merismoconchia differs from all other classes of the Phylum 
Mollusca, consistent with their status as an independent molluscan class. 

Key words: Mollusca, Merismoconchia, Yangtzemerisma , soft-bodied organs, 
earlierst Cambrian, Yangtze Platform, China. 


INTRODUCTION 

At present, the Merismoconchia is a small group 
of genera and species best known from the earliest 
Cambrian of China (Yu 1979, 1984a, 1984b, 1987b). 
However, they also occur in the Lower Cambrian 
'4 lerault" limestone of Montague Noire, France 
(Kerber, 1988) and also perhaps in the Lower 
Cambrian Atdabanian Stage of the Kuznetsk 
Alatau, Siberia (Aksarina in Pospelov et ai , 1995) 
and the Lower Cambrian Tommotian Stage of 
western Mongolia (Zhegallo, in Esakova and 
Zbegallo 1996) (Figure 1). 

Although there is no living example that might 
help to confirm their position in the Phylum 
Mollusca, it is contended that merismoconchs 
exhibit some fundamental molluscan features, such 
as a single bilaterally symmetrical shell, one of the 
basic features of the phylum (Yochelson, 2000). The 
shell is elongate-ovate or spoon-shaped. The dorsal 
side of the internal mould is divided by anterior 
and posterior transverse interior shell costae into 
three unequal parts. The anterior part slightly 
protrudes to the adapicul margin of the aperture, 
known as the rostrate segment. The second part is 
bordered by anterior and posterior intersegmental 
costae and is designated as the second segment, 
while the remaining posterior part is interpreted as 
the body segment. The transverse costae between 
the rostrate and second segments is named the 
anterior intersegmental furrow, whereas that 
between the second and the body segments is called 


the posterior intersegmental furrow. In some cases, 
both anterior and posterior intersegmental furrows 
extend laterally and converge gradually with each 
other to reach the anterior margin of the both left 
and right sides, forming a joint furrow, termed 
convergent furrow (Figures 2, 3). 

So far as I am aware, most species of merism¬ 
oconchs are preserved as internal moulds. 
Numerous traces of the growth lines, concentric 
ridges and radial ridges or lines can be seen on the 
internal moulds (Figures 4A, D; 5A, C, D, G, K, L), 
but specimens retaining external ornament are 
extraordinarily rare. Only one specimen is known 
to bear such sculpture. It was collected from the 
Huangshandong Member of the Tongving 
Formation at Huangshandong in Yichang, Hubei 
(NIGP 65025). As in other molluscan classes, the 
surface of the para type of Yangtzemerisma rarum 
Yu, 1984 is ornamented with fine growth lines and 
prominent concentric ridges, crossed by sharply 
radial ridges to form the reticulate sculpture, as 
shown in Figure 51 LJ. In Merismoconcha? sp. of 
Kerber (1988) the rostrate and second segments also 
show the presence of growth lines and a reticulate 
sculpture (Kerber 1988, plate 6, figs 6, 7, 8, 10, 12a, 
12b, 15a, 15b). A shell with prominent growth lines 
is one of the basic features of the Mollusca 
(Yochelson 2000). 

The aperture of the shell, also demonstrates 
important molluscan characters. In Merismoconcha 
multisegmentata Yu, 1979, the ventral side of the 
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Figure 1 Sketch map showing the fossil localities. A. Yangtzemerisma rarinn Yu, 1984. Yichang, W. Hubei, China. B. 

Merismoconcha multisegmentata Yu, 1979 Emei, Sichuan, China. C. Minymerisma yunnanense Yu, 1984. 
Xundian, E. Yunnan, China. D. Davidella tommotica Zhegallo, 1996. W. Mongolia. E. Kundatoides perplexus 
Aksarina, 1995. Kuznetsk Alatau, Siberia. F. Merismoconcha ?sp. Kerber, 1988. Montagne Noire, France. 


shell possesses an elongate-ovate aperture, and the 
apertural margin is simple, but slightly expanded 
(Figures 5F, 6G), 

The muscle scars are another indication for the 
position of the Class Merismoconchia. The 
merismoconchs feature well-preserved muscle scars, 
which at present are only expressed on the internal 
mould. Since their body is divided into three 
unequal parts by two transverse, internal costae, their 
muscle scars are situated accordingly in different 
segments of the shell. The muscle scars are found at 
the second and body segments respectively. The 
number and arrangement of the muscle scars on the 
internal mould are similar to other classes of the 
Mollusca, especially the Class Tergomya (or living 
Monoplacophora). For example, Yangtzemerisma 
ranim has an arched, band-like muscle scar, situated 
at the middle part of the second segment (Figures 
4A-H). In Merismoconcha multisegmentata , a pair 
of second segmental muscle scars are large and 
arched, tadpole-like in shape (Figures 3A; 5A, B, D, 
E, G; 6F). Based on the position of the second 
segmental muscle scars, they apparently played an 
important role in controlling the various activities 


inside the oral cavity and other functions. Therefore, 
the second segmental muscle scars may be equivalent 
to the set of radular muscle scars of the Class 
Tergomya. In the body segment of Yangtzemerisma 
rarum, twelve obscure pairs of dorsoventral 
locomotive muscle scars can be observed on both the 
left and right sides of the body segment (Figures 2, 
4A,B). 

Of special interest is the presence of apparent 
soft-bodied organs and soft-bodied tissues in the 
body segment of Yangtzemerisma rarum and 
Merismoconcha multisegmentata from the Lower 
Cambrian of Yangtze Platform, here reported for 
the first time. Generally speaking, soft-bodied 
fossils are usually found in mudstones or shales, 
such as the Lower Cambrian Chengjiang fauna and 
the Middle Cambrian Burgess Shale fauna. In other 
sedimentary environments such preservation is 
extremely rare (Fedonkin and Waggoner 1997). In 
Yangtzemerisma rarum and Merismoconcha 
multisegmentata , the top of the body segment bears 
a pair of glands, which are triangular in shape. 
From their size and location, they are inferred to be 
equivalent to the oesophageal glands of 
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po 1 v p 1 acophora ns (Frefter 1937; Hy man 1967; 
Salvini-Plawen 1985, 1988) or the salivary glands of 
Odontogriphns omahifs Conway-Morris, 1976 
(Caron et al. 2006). A scries of soft tissues along the 
outside of the dorsoventrai locomotive muscle scars 
probably corresponds to the ctendium, nephridium 
or genital glands. Like the modern 
p o ly pi a cop h o ra ns A can thopleu rtf s echina tus 
(Barney 1842) and Hanleya hanleyi (Bean, 1844) 
(Fretter 1937; Hyman 1967; Kaas and van Belle 1980; 
Salvini-Plawen 1988) and monoplacophorans 
Neopilina gaialheae Lemche 1957,. Vo in a ewingi 
Clarke and Menzies, 1959 , Rokopella oligotropha 
(Rokop, 1972), f.aevipilina hyalina McLean, 1979 
and Micropilina arntzi (Wren and Haiti, 1992) 
(Lemche and Wingstrand 1959; McLean 1979; 
Wings fraud 1985, Salvini-Plawen 1985, 1988; 
Haszprunar and Schaefer 1996; Schaefer and 
Haszprunar 1996; Wren and Gofas 1996), the 
intestine of Yangtzemerisma raruna is located in the 
posterior two-thirds of the body segment, mainly 
on the left side. It shows a number of narrowly 
rounded loops, which may run in a clockwise 
direction. The last loop ends in the rectum, which 
runs near the median line up to the anus (Figures 2, 
4A, B, I). A large gland surrounding the intestine is 
interpreted as a midgut glands. The new 
information provides further evidence that the 
Merismoconchia is an independent class of the 
Phylum Mollusca. 

The specimens examined in this study are lodged 
in the Nanjing Institute of Geology and 
Palaeontology (NIGP), Chinese Academy of 
Sciences, Nanjing, China. 

SYSTEMATIC PALAEONTOLOGY 
Class Merismoconchia Yu, 1983 
Diagnosis 

Molluscs with a single, bilaterally symmetrical 
and metamerical shell. 


Order Merismoconchida Yu, 1979 
Diagnosis 

Shell elongate-ovate, subelliptical, spoon-shaped 
or slightly arched, with external reticulate 
sculpture; interior of shell with two transverse shell 
costae, divided into three unequal parts: rostrate, 
second, and body segments, and having radular and 
dorsoventrai locomotive muscle scars. Aperture 
elongate ovate or subelliptical. 

Superfamily Merisirsoconchioidea Yu, 1979 
Diagnosis 

Same as for the order. 


Family Merismoconchidae Yu, 1979 
Diagnosis 

Shell minute, elongate ovate, spoon-shaped or 
slightly arched, divided internally into rostrate, 
second and body segments by anterior and 
posterior transverse internal costae. Aperture 
elongate ovate. Surface ornamented with growth 
lines and reticulate sculpture and with scars of the 
radular and dorsoventrai locomotive muscles. 

Remarks 

In this family have been included the genera 
Minymerisma Yu, 1984 from the Lower Cambrian 
Zhongvicun Member of Yuhucun Formation in 
eastern Yunnan, Yangtzemerisma Yu f 1984 from the 
Lower Cambrian Fluangshandong Member of 
Tongying Formation in western Hubei and 
Merismoconcha Yu, 1979 from the Lower Cambrian 
M a id i ping Member of Hungchunping Formation in 
Sichuan. In addition, the genera Kundatoides 
Aksarina, 1995 from the Lower Cambrian 
Atdabanian Stage of Kuznetsk Alatau, Siberia and 
Davidelia Zhegallo, 1996 from the Lower Cambrian 
Tommotian Stage of western Mongolia possibly 
should be added, based on general morphological 
features of the material (moulds). 

Subfamily Yangtzemerismatinae Yu, 1987 

Genus Minymerisma Yu, 1984 

Minymerisma Yu, 1984b: 439, 445; Yu, 1987b: 135; 

Bengtson, 1992: 1028; Sepkoski, 2002: 78, 468. 

Type species 

Minymerisma vunnanense Yu, 1984b, by original 
designation, from Lower Cambrian Zhongvicun 
Member of Yuhucun Formation, at Baizai of 
Xundian, eastern Yunnan, China. 

Diagnosis 

Minute, narrowly elongate, spoon-shaped or 
slightly arched. Dorsal side of internal mould divided 
internally into three unequal parts bv anterior and a 
posterior transverse shelly costae: rostrate segment 
short and lenticular, strongly protruding to adapical 
margin of aperture; second segment long and arched, 
while body segment convex, occupying about half 
length of shell. Aperture elongate-ovate. Surface 
covered with concentric rugae, radial striae and 
growth lines. Other internal structures including 
muscle scars unknown. 

Remarks 

In dorsal view, this genus resembles 
Yangtzemerisma Yu, 1984, but differs from the 
latter in the narrower dorsal side, the longer and 
more arched second segment and in the shorter 
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body segment. This genus also resembles 
Merismoconcha Yu, 1979 in some aspects, but can 
be easily distinguished from Merismoconcha by the 
more arched second segment, the shorter body 
segment and by the different position of the 
convergent furrow. 

Minymerisma yunnanense Yu, 1984 

Figures 3B, 5 K-L, 6 C 

Minymerisma yunnanense Yu, 1984b: 439, 445; plate 
II, figures 1-2, text-figure 6; Yu, 1987b: 136, plate 


21, figures 1-3, text-figure 45; Yu, 1990: 158, 
plate 5, figures 9-10. 

Material examined 

Holotype 

NIGP 65026, collection of the Nanjing Institute of 
Geology and Palaeontology, Chinese Academy of 
Sciences. Collected by the author and his colleagues 
in 1980 from the Lower Cambrian Zhongyicun 
Member of the Yuhucun Formation, at Baizai of 
Xundian, eastern Yunnan. 



> rostrate segment 


> second segment 


> body segment 


Figure 2 Yangtzemerisma rarum Yu, 1984, NIGP 65022. Dorsal view, x 90, showing muscle scars and soft-bodied 
organs. Abbreviation: A-L, dorsoventral locomotive muscle scars; a, anus; g, ctendium (?); gg, genital gland 
(?); i, intestine: mg, midgut gland; ne, nephridium (?); oe, oesophagus; r, rectum; sg, salivary glands (?). 
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Para type 

NICiP 65027, from the same locality and horizon 
as the holotype. 

Description 

Minute, slightly arched, spoon-shaped; dorsal 
side arched and narrowly rounded, abruptly 
sloping to aba pi cal margin of aperture. Rostrate 
segment short and lenticular in. lateral view, 
occupying about one-tenth shell length, strongly 
protruded forward to ad a pical margin, with an 
obtusely rounded apex. Second segment long and 
strongly arched, occupying about one-third length 
of shell, maximum height near posterior 
intersegment a I furrow. Body segment longer and 
wider than other segments, slopes steeply toward 
posterior end. Anterior intersegmental furrow fine 
and shallow, starting from dorsal side, extending 
nearly straight for about two-thirds total height of 
lateral side and then curved slightly forward to 
ventral side. Posterior intersegmental furrow wide 
and concave, sloping towards anterior end and 
convergent with anterior one on upper part of the 
adapical margin of aperture. Aperture elongate- 
ovate. 

Surface covered with numerous concentric rugae, 
which are twelve in number on the second segment 
and up to sixteen on body segment, crossed by 
radial rugae to form a reticulate sculpture, as shown 
in figure 5 K. Interspaces between concentric rugae 
covered with fine growth lines running parallel to 
the concentric rugae on left and right sides. Internal 
structures and muscle scars unknown. The holotype 
is 0.80 mm long, 0.48 mm high and 0.30 mm wide. 

Occurrence 

Zhongvicun Member of the Lower Cambrian 
Yuhucun Formation at Baizai of Xundian, eastern 
Yunnan. China. 


Genus Yangtzemerisma Yu, 1984 

Yangtzemerisma Yu, 1983: 1572; Yu, 1984a: 21; Yu, 
1984b: 444; Yu, 1985: 401; Yu, 1987b: 132; 
Bengtson, 1992: 1028; Sepkoski, 2002: 78, 554. 

Type species 

Yangtzemerisma tarum Yu, 1984: 444, by original 
designation; from Lower Cambrian Huang- 
shandong Member of 1 ongoing Formation, at 
Huangshandong of Yichang, western Hubei, China. 

Emended diagnosis 

Shell minute, elongate-ovate, spoon-shaped. 
Interior of shell with anterior and posterior 
transverse shelly costae, dividing dorsal side into 
three unequal segments: rostrate segment slightly 
protruded to adapical margin of aperture; second 
segment wide and rather arched, with a band-like 
muscle scar; body segment longer, broadly oval 
with twelve pairs of symmetrically arranged, 
metameric dor^oventral locomotive muscle scars. A 
rather wide and concave, median dorsal furrow is 
in centre of body segment together with some 
transverse, obliquely curved ridges on each side of 
median dorsal furrow. Aperture elongate-ovate. 
Surface covered with growth lines and reticulate 
sculpture. 

Remarks 

In the general form of the shell and concentric 
ridges, this genus is most closely related to 
Merismoconcha Yu, 1979. However, there are 
obvious differences between them: 1) In Yang¬ 
tzemerisma, the second segment is more convex 
and longer, occupying about one-ninth the length 
of the shell, and with an arched, band-like muscle 
scar, while in Merismoconcha , the second segment 
is notably narrow and concave, occupying about 
one-twentieth the length of the shell and with a pair 



Figure 3 A. Merismoconcha multisegmcntata Yu, right lateral view, x <56. B. Minymcrisma vunnancnse Yu, 1984, left 
lateral view, x 104. 
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of tadpole-like muscle scars. 2) In Yangtzemerisma , 
the body segment is broadly oval, occupying about 
two-thirds the length of the shell, but in 
Merismoconcha, the body segment is elongate-oval, 
occupying nine-tenths the length of the shell. 3) In 
Yangtzemerisma, the surface is covered with 
strongly reticulate sculpture, whereas, the reticulate 
sculpture in Mcrismoconcha is finer. 

In its tripartite shell and metameric muscle scars 
of the body segment, Yangtzemerisma is also 
similar to Kundatoides Aksarina, 1995 (Aksarina in 
Pospelov et al, 1995) from the Lower Cambrian 
Atdabanian Stage of Kuznetsk Alatau, Siberia. 
However, great differences between 
Yangtzemerisma and Kundatoides exist: 1) In 
Yangtzemerisma, the rostrate segment is very long 
and gradually tapering anterior, whereas in 
Kundatoides , the proarea is small and short. 2) In 
Yangtzemerisma i, the second segment is broadly 
convex and has a raised band-like muscle scar, 
while in Kundatoides , the median part features a 
pair of rounded lobes. 3) In Yangtzemerisma , the 
body segment is broadly oval and has twelve pairs 
of locomotive muscle scars and a rather wide 
median dorsal furrow. In Kundatoides , the body 
part features a sharply median dorsal furrow and 
transverse ridges. The median dorsal furrow 
slightly widens towards the abapical margin and 
divides the body part into two nearly symmetrical 
parts. The transverse ridges are disposed on the 
each side of the median dorsal furrow and between 
the ridges there are more than four pairs of 
metameric, transverse-oval muscle (?) scars. 

Yangtzemerisma rarum Yu, 1984 

Figures 2, 4A-1, 511-J, 6A 

Yangtzemerisma rarum Yu, 1984a: 32, plate II, 
figures 1-2; Yu, 1984b: 444, plate I, figures 1-10, 
plate II, figures 3-8; text-figures la,b, 2b; Yu, 
1987a: 53, plate 2, figures 1-4; Yu, 1987b: 133, 
plate 19, figures 1-11, plate 20 figures 1-5, text- 
figure 17, 18b; Yu, 1988: 1555, plate 1, figure 3-5; 
Yu, 1989: 237, figure lc-d; Yu, 1990: 143, plate 5, 
figures 1-6; Yu, 1996a: 433; 2005: 773. 

Yangtzemerisma? canceilata Yu, 1984b: 445, plate II, 
figures 6-8; Yu, 1987b: 134, plate 21, figures 4-6. 


Material examined 

Holotype 

NIGP 65022, collection of the Nanjing Institute of 
Geology and Palaeontology, Chinese Academy of 
Sciences. Collected by the author and his colleagues 
in 1980 from the Lower Cambrian Huangshandong 
Member of the Tongying Format iom, 
Huangshandong of Yichang, western Hubei, China. 

Para type 

NIGP 65023-65025, from the same locality and 
horizon as the holotype. 

Description 

Holotype is a well-preserved internal mould. It is 
minute, spoon-shaped, narrowly elongate in apical 
view, much longer than wide, with a narrow 
adapicat margin and a broadly rounded abapical 
margin. Dorsal side broadly rounded, maximum 
height about one-third distance from posterior 
intersegmental furrow to abapical margin, then 
gradually sloping to posterior end; divided by two 
internal shell costae into three unequal parts: 
rostrate segment short, gently convex, lateral sides 
straight and slowly tapering toward anterior end. 
Second segment short and rather convex, occupying 
about one-ninth length of shell, and defined by 
anterior and posterior intersegmental furrows. 
Anterior intersegmental furrow is a fine and 
shallow arc, curved, and sloping, and reaching to 
anterolateral margin of shell; posterior 
intersegmental furrow wider and deeper than 
anterior, central portion of arc curved and parallel 
to anterior portion, then spreading gradually, 
sloping and bending forward to form a 
semicircular, narrowly marginal edge, before 
gradually sloping and reaching toward 
anterolateral margin. Body segment large and 
elongate, more than two-thirds length of shell, 
widely rounded, laterally broadly arched, gradually 
sloping to posterior end. Posterior margin broadly 
rounded. A rather wide and concave median dorsal 
furrow in centre of body segment occupies about 
one-sixth width of dorsum, starting at about 0.03 
mm from posterior intersegmental furrow and 
extending to posterior end, and with a number of 
transverse, obliquely curved ridges on each side of 


Figure 4 A-I. Yangtzemerisma rarum Yu, 1984. A. dorsal view, x 50. R. dorsal view, showing muscle scars, intestine 
and other soft-bodied organs and tissues, x 90. C. dorsal view, showing radular muscle scar, x 60. D. right 
lateral view, showing anterior and posterior intersegmental furrows, x 45. E. Detail of radular muscle scar, x 
100, F, dorsal view, showing soft-bodied tissues, x 37.5. G. dorsal view, showing transverse, obliquely curved 
ridges on each side of the median dorsal furrow, x 25, Holotype NIGP 65022. H. dorsal view of an incomplete 
specimen, showing traces of radular muscle scar, x 40. NIGP 65024. 1. dorsal view, showing intestine (white 
arrow), dorsoventral locomotive muscle scars and other structures, x 130. NIGP 65023. Lower Cambrian 
Fluangshandong member of fongving Formation, Huangshandong of Yi clung. W Hubei. 
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median dorsal furrow, which on left side are clearer 
than on right side. 

Muscle scar in second segment corresponds large, 
simple, raised and band-like, situated in the middle 
part of second segment. Central portion of raised 
band-like muscle scar rather arched, with both sides 
gently convex, sloping toward lateral margins 
(Figures 4 A-G). In some specimens, arched band¬ 
like radii la r muscle scar is not well-preserved, but 
traces or striae can be observed (Yu, 1987b, pi. 19, 
figures 8-11; pi. 20, figures 1, 2, 4; Figure 411). Body 
segment with twelve pairs of met a me ric 
dorsoventral locomotive muscle scars symmetrically 
arranged on both sides of median dorsal furrow near 
lateral margins. A pair of dorsoventral locomotive 
muscle scars subcircular, located at about one-sixth 
of body segment length from posterior 
intersegmental furrow. Morphological feature of B-I 
pairs of scars are similar to A pair. Pairs B-D of scars 
are situated at upper part of mid-length of body 
segment. E pair is located at mid-length of segment. 
Pairs F-l of the scars situated in posterior of body 
segment (Figures 2, 4 A, B, F, G). 

On top of dorsoventral locomotive muscle scars 
there is a pair of soft tissues, subtriangular in shape, 
consisting of many microspherical glandules. This 
is tentatively interpreted as the salivary gland. 
Intestine makes several narrowly rounded loops 
and is situated at posterior two-thirds of body 
segment, mainly on left side, and which may run in 
a clockwise direction. Last loop ends in rectum, 
which runs near median line up to anus (Yu, 1987b, 
ph 20, figure 1; Figures 2, 4A, B, I). Large "glands" 
surrounding the intestine are interpreted as midgut 
glands. A series of impressions of soft tissues along 
the outside of the dorsoventral locomotive muscle 
scars probably represent the etendium, nephridium 
or genital gland. 

Figure 5 H-J shows a partly preserved specimen 
with delicate ornament. The shell is rather thick, 
narrowly elongate, spoon-shaped, divided into 
three unequal segments. Dorsal side broadly 
rounded, gradually sloping to anterior and 
posterior ends respectively. Surface ornamented by 
equally spaced concentric ridges, radial ridges and 


growth lines. Concentric ridges prominent and 
strong, crossed by thick radial ridges to form a 
reticulate sculpture, growth lines fine as shown in 
Figure 5 11 1. 

Measurements (in mm) 

NIGF 65022: length 1.50; height 0.55; width 0.80 
NIGP 65023: length L00; height 0.50; width 0.70 
NIGP 65024: length 0.90; height 0.55; width 0.40 
NIGP 65025: length 2.40; height 1.25; width 0.90 

Occurrence 

Huangshandong Member of the Lower Cambrian 
Tongying Formation, at Huangshandong of 
Yichang, western Hubei, China. 

Subfamily Merismoconchinae Yu, 1987 
Genus Merismoconcha Yu, 1979 

Merismoconcha, Yu 1979: 257, 266; He in Yin e/ a/., 
1980: 158; Yu, 1983: 1572; Yu, 1984a: 27; Yu, 
1984b: 440, 445; Yu, 1.987b: 137; Kerher, 1988: 
168; Peel, 1991: 46; Bengtson, 1992: 1028; 
Sepkoski, 2002: 78, 465. 

Type species 

Merismoconcha muitisegmentata Yu, 1979, by 
original designation; from Lower Cambrian 
Maidiping Member of the Hungchunping 
Formation, at Gaoqiao of Emei, Sichuan, China. 

Diagnosis 

Minute, narrowly elongate, spoon-shaped. Dorsal 
side of internal mould divided into three unequal 
parts bv two transverse costae: rostrate segment 
short, slightly protruded to adapical margin of 
aperture; second segment narrow and slightly 
concave, lenticular in dorsal view, gently restricted 
laterally; body segment elongate-ovate. Surface 
ornamented with concentric rugae, radial ridges or 
lines and growth lines. Second segment bears pair 
of radular muscle scars. Dorsoventral locomotive 
muscle scars not known in detail. Aperture 
elongate-ovate. 


Figure 5 A-G. Merismoconcha muitisegmentata Yu, 1979. A. dorsal view, showing radular muscle scars and 
sculptures, x 33. B. Detail of radular muscle scars and salivary glands?, x 65. C. Detail of growth lines and 
reticulate sculptures, x 139. D. right lateral view, showing the concentric rugae, x 24. F.. right lateral view, 
showing anterior and posterior intersegmental furrows and convergent furrow, \ 50. P.. apertural view, 
showing shape of the aperture, x 25. G. left lateral view, x 21. flolotvpe NIGP 54465. bower Cambrian 

Maidiping Member of 1 lungchuping Formaion, Gaoqiao of Frnei, Sichuan. H.J. Yangtzemerisnw rarum Yu, 

1984. H. dorsal view, showing the growth lines and reticulate sculptures x 30. F Detail of the growth lines 
and reticulate sculptures, x 75. J. left lateral view, x 33. para type NIGP 65025. Power Cambrian 

1fuangshandong Member of Tongying Formation, Huangshandong ot Yichang, W. Hubei. K.!. Min\ mensnia 

vunnanense Yu, 1984. K. left lateral view, showing anterior and posterior intersegmental furrows and 

convergent furrow, growth lines, and reticulate sculpture, x 90. I. dorsal view, showing concentric rugae, x 

III}, Power Cambrian Zhongvicun Member of Yuhucun Formation, Bai/ai of Xundian. 1. Yunnan. 
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Remarks 

In lateral view, this genus appears to closely 
resemble Yangtzemerisma Yu, 1984. However, it 
differs in its more concave and narrower second 
segment, and in having a pair of radular muscle 
scars. 

Merismoconcha multisegmentata Yu, 1979 

Figures 3A, 5A-G, 6F-G 

Merismoconcha multisegmentata Yu, 1979: 258, 266, 
plate IV, figures 1-5, text-figure 8; He in Yin et 
ah, 1980: 158, plate 13, figures 21-23; plate 14, 
figures 4, 5. non plate 13, figures 13-15; Yu, 
1984a: 32, plate I, figures 10-12; Yu, 1984b: 440, 
445, plate III, figures 1-6; Yu, 1987a: 53, plate 2, 
figures 5-8; Yu, 1987b: 138, plate 22, figures 1-6; 
text-figure 18a; Kerber, 1988:168; Yu, 1988:1555; 
Yu, 1989: 237; Yu, 1990: 143, plate 5, figures 11- 
14; Yu, 1993: 236, text-figure 16a; Yu, 2005: 773. 

Material examined 

Holotype 

NIGP 54465, collection of the Nanjing Institute of 
Geology and Palaeontology, Chinese Academy of 
Sciences. Collected by the author and his colleagues 
in 1977 from the Lower Cambrian Maidiping 
Member of the Hungchunping Formation, at 
Gaoqiao of Emei, Sichuan, China. 

Description 

Minute, 2.20 mm length, 0.70 mm high, 1.00 
mm wide, and 1.80 mm apertural length; 


narrowly elongate, spoon-shaped. Dorsal side 
convexly rounded, divided into three unequal 
segments by anterior and posterior internal shell 
costae: rostrate segment short, subtriangular in 
shape, strongly protruding forward to adapical 
margin of aperture; second segment narrower 
than rostrate and body segments, occupying 
about one-twentieth length of shell, lenticular, 
slightly concave, gently restricted laterally and 
bordered by anterior and posterior 
intersegmental furrows. Anterior and posterior 
intersegmental furrows spread laterally and 
converge in middle part of lateral parts, and 
have a convergent furrow gradually sloping 
toward anterior margin of aperture; body 
segment elongate-ovate, occupying more than 
nine-tenths length of shell. 

Surface covered with concentric rugae, radial 
lines and growth lines. Concentric rugae not 
prominent, with about fifteen on the body segment; 
radial lines obscure, but with reticulate sculpture 
visible on posterior part of body segment (Figure 5 
A, C). 

Paired radular muscle scars large and simple, 
situated in middle part of second segment, 
occupying almost entire lenticular area. Muscle 
scars rather arched, tadpole-like, convexly 
rounded in central portion, then gradually 
sloping to both sides. In the body segment, there 
is a pair of supposed salivary glands on top of 
body segment as in Yangtzemerisma. Behind the 
supposed salivary glands is a pair of muscle 
scars (?), which is subelliptical in shape (Figure 
5B). 



Figure 6 Diagram illustrating close similarities among the Lower Cambrian merismoconchids. A.Yangtzemerisma 
rarum Yu, 1984, x 23, NIGP 65022. Lower Cambrian Huangshandong Member of Tongying Formation, 
Huangshandong of Yichang, W. Hubei. B. Kundatoides perplexus Aksarina, 1995, x 7. Lower Cambrian 
Atdabanian Stage of Kuznetsk Alatau, Siberia (after Aksarina in Pospelov et al., 1995). C. Minymerisma 
yurmanense Yu, 1984, x 45. NIGP 65026. Lower Cambrian Zhongyicun Member of Yuhucun Formation, Baizai 
of Xundian, E. Yunnan. D. Davidella tommotica Zhegallo, 1996, x 37. Lower Cambrian Tommotian Stage of W. 
Mongolia (after Zhegallo in Esakova and Zhegallo, 1996). E. Merismoconcha ? sp. Kerber, x 14. Lower 
Cambrian "Herault" limestone, Montagne Noire, France (after Kerber, 1988). F-G. Merismoconcha 
multisegmentata Yu, 1979, x 18.5, NIGP 54465. Lower Cambrian Maidiping Member of Hungchuping 
Formation, Gaoqiao of Emei, Sichuan, China. 
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Figure 7 Kundatoides perplexus Aksarina, 1995. 

Apical view, x 11. Lower Cambrian 
Atdabanian Stage of Kuznetsk Alatau, Siberia 
(after Aksarina in Pospelov et al. 1995) 

Aperture elongate ovate in shape, adapical 
margin broadly rounded and slightly reflexed, 
lateral margin broadly arcuate (Figures 5F, 6G). 

Occurrence 

Maidiping Member of the Lower Cambrian 
Hungchunping Formation, at Gaoqiao of Emei, 
Sichuan, China. 


DISCUSSION 

During the last two decades, new 
merismoconchian material has been reported from 
the Lower Cambrian of Siberia and western 
Mongolia. Kundatoides perplexus Aksarina, 1995 is 
a strange fossil from the Lower Cambrian 
Atdabanian Stage of the Kiya River in the Kuznetsk 
Alatau, Siberia (Aksarina, in Pospelov et al. 1995). 
This species, known only from the holotype, was 
originally described as a tripartite organism 
consisting of a proarea, a median, and a body part. 
The proarea part protrudes forward. The median 
part with a pair of rounded lobes shows the top 
portion slightly projecting. A longitudinal, median, 
dorsal furrow divides the body part into two nearly 
symmetric parts, with some transverse ridges on 
each side of the median furrow; between the ridges 
there are more than four pairs of probable 
metameric oval muscle scars (Aksarina in Pospelov 
et al. 1995: 221, plate VI, figures 4-7; Figures 6B, 7 
herein). Aksarina placed this oval mould into 
phylum, class and family unidentified, but she 
regarded it as resembling both trilobite and 
stenothecoid remains. However, the trilobite body 
is divided into three longitudinal segments, a 
central axis and two pleural regions, and three 


transverse segments: the cephalon, the thorax and 
the pygidium. The mould of Kundatoides perplexus 
is divided transversely into three parts, but no 
evidence could be found to subdivide the species 
into three longitudinal segments. In Kundatoides 
perplexus , only the body part is divided into two 
nearly symmetrical portions, and with more than 
four pairs of metameric transverse oval muscle (?) 
scars, in itself is enough to preclude inclusion of 
Kundatoides within the trilobites. In addition, there 
are several other characteristics, including the main 
morphological features of the cephalon, e.g., the 
glabella, the eye lobes and the suture lines, which 
are highly uncertain in Kundatoides perplexus. 
Stenothecoids are characterized by an asymmetric 
inequivalved, bivalved shell (Yochelson 1968, 1969, 
2000; Aksarina and Pelman 1978; Koneva 1979; Yu 
1996b). The mould of Kundatoides may represent a 
single shell because there are no morphological 
features to indicate that this fossil was ever 
bivalved. Furthermore, in some internal moulds of 
stenothecoids, the whole valve is divided into two 
asymmetric parts by a furrow (Aksarina 1968; 
Aksarina and Pelman 1978), while in Kundatoides, 
only the body part of the internal mould is divided 
into two nearly symmetric parts by a median dorsal 
furrow. 

The observation that the mould of Kundatoides is 
divided into three unequal parts by two shell 
internal costae and with metameric pairs of muscle 
scars in the body part, lead the author to suggest 
that Kundatoides should be assigned to the 
Mollusca, as a possible merismoconch rather than 
to the trilobites or stenothecoids. 



B C 


Figure 8 A-C. Davidella tommotica Zhegallo, 1996.A. 

dorsal view, x 33. Holotype Cat. no. 3302/ 
1593. B. right lateral view, x 30. C. Detail of 
anterior (white arrow) and posterior 
intersegmental furrows, x 130. Cat. no. 3302/ 
1592. Lower Cambrian Tommotian Stage of 
W. Mongolia (after Zhegallo in Esakova and 
Zhegallo 1996). 
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Figure 9 A-D, Merismoconcha ? sp. Kerber, 1988. A. 

dorsal view, x 21. B. lateral view, showing the 
anterior (white arrow) and posterior 
intersegmental furrows, x 20. Cat. no. UB114. 
C. dorsal view, x 26. D. lateral view, showing 
the anterior (white arrow) and posterior 
intersegmental furrows, x 26. Cat. no. UB110. 
Lower Cambrian "Herault" Limestone of 
Montagne Noire, France (after Kerber 1988). 

Davidella, another interesting fossil, was erected 
by Zhegallo (1996) based on material from the 
Lower Cambrian Tommotian Stage of western 
Mongolia, with Davidella tommotica Zhegallo, 1996 
as its type species. It was assigned to the family 
Enigmaconidae MacKinnon, 1985 of the Class 
Helcionelloida Peel, 1991. The generic diagnosis 
given (Zhegallo, in Esakova and Zhegallo 1996:174) 
is as follows: "Tiny, low cap-shaped. Apex 
protruded to the apertural margin, with a good 
obliquely transverse pegma, which situated behind 
the apex and divided the dorsal side into two 
unequal parts. Aperture oval and simple. Some 
rugae can be seen". She further wrote (Zhegallo 
1996: 174): "This genus differs from the 
Enigmaconus MacKinnon, 1985 in the more low 
and broad shell and in the different portion of the 
pegma, which is nearer to the apex". 

Enigmaconus was erected by MacKinnon from a 
Middle Cambrian limestone lens of New Zealand 
in 1985, with Enigmaconus parvus MacKinnon, 
1985 as its type species. Enigmaconus is charac¬ 
terized by a relatively broad, cone-shaped shell and 
with a well-developed transverse plate or pegma, 
dividing the shell into two unequal cavities. Its 
aperture is elongate-ovate. It is clear that in the 
overall shell features, apart from the distinctive 


shape of the shell, Enigmaconus has a pegma-like 
structure, whereas in Davidella the dorsal side of 
the internal mould bears two furrows, the anterior 
one thinner and more obscure than the posterior 
one (as shown on plate XXIII, figure 5a, b by 
Zhegallo, in Esakova and Zhegallo 1996) (Figures 
8B, C). 

Thus, Davidella is quite different in 
morphological features from Enigmaconus 
MacKinnon, but closely related to Merismoconcha 
sp., which was described by Kerber (1988) from the 
Lower Cambrian "Herault" Limestone of southern 
France. Kerber showed many photographs of 
Merismoconcha sp.. Among them, some complete 
specimens show two furrows (Kerber, 1988: 168, 
plate 6, figures 5a, b, 9a, b; Figures 6E, 9A-D), rather 
than one furrow as described by Kerber. 

On the other hand, " Merismoconcha sp." of 
Kerber (1988) is somewhat similar to 
Merismoconcha multisegmentata, the type species 
of genus Merismoconcha. However, there are 
obviously differences between Kerber's Merism¬ 
oconcha sp. and Merismoconcha multisegmentata 
by Yu (1979): 1) in Merismoconcha sp., the rostrate 
segment is very short and bluntly rounded, whereas 
in Merismoconcha multisegmentata, the rostrate 
segment is subtriangular in shape, strongly 
protruding forward to the anterior margin of the 
aperture; 2) in Merismoconcha sp., the second 
segment is convexly rounded and steeply sloping 
forward, whereas in Merismoconcha multiseg¬ 
mentata, the second segment is narrow, slightly 
concave and has a pair of radular muscle scars, 
which is large and simple, tadpole-like in shape 
(Figures 5A, B, D, E, G); 3) in Merismoconcha sp., 
the posterior intersegmental furrow is wide and 
deep, the central portion of the arc is curved, 
spreading gradually, sloping and bending forward 
to form a semicircular, narrowly marginal edge, 
then gradually sloping and reaching toward the 
anterolateral margin (Kerber, 1988, plate 6, figures 
9a, b), but in Merismoconcha multisegmentata, the 
second segment is defined by fine, anterior and 
posterior intersegmental furrows, which converge 
in the middle part of both the left and right sides 
and with a convergent furrow, which gradually 
slopes toward the anterior margin of the aperture. 
From the above comparison, Merismoconcha 
multisegmentata is distinctly different from 
Merismoconcha sp. of Kerber, and Kerber's 
Merismoconcha sp. should be referred to another 
genus. 

As previously noted (Yu 1984a, 1984b, 1987b, 
1990), the general characters of the merismoconchs 
suggest a closer relationship to the classes 
Polyplacophora and Tergomya (or living 
Monoplacophora) than to other molluscs. They are 
also easily distinguished from shells of the 
superfamily Helcionelloidea, which was assigned to 
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the Class Gastropoda by Kerber in 1988. Essentially, 
the Helcionelloidea are untorted molluscs (Peel 
1991), which are strikingly different from the tor tod 
Gastropoda. The Helcionelloidea comprise a 
diversity of low to moderately cyrtoconic shells, 
unlike the merismoconchs' single, metamerie shell, 
with two internal shell costae, that divide the body- 
cavity into three unequal segments. 

With their single, bilaterally symmetrical shell, 
the merismoconchs are unlike those of the genus 
Halkieria Poulsen, 1967 (Runnegar, 1996), the shells 
which are very complex as shown by the generic 
diagnosis given by Conway Morris and Peel (1995): 
"Siculates form imbricating rows, each consisting of 
a fan-like array, apparently arising from a lobe. 
Imbricated cultrates flank lateral, anterior and 
posterior regions, increasing in size adaxially. 
Palmates arrayed in elongate rows, imbricating in 
posterior and adaxial direction. Shell convex 
dorsally, prominent growth lines and radial 
ornamentation. Anterior shell subquadrate, 
posterior shell more ovate, less convex and stronger 
radial ornamentation. Internal anatomy includes 
prominent rods beneath dorsal surface, running 
adaxially in an anterior direction, Straight gut, 
possibly with anterior feeding apparatus, sub¬ 
terminal anus." (Conway Morris and Peel 1.995: 
310). 
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A new species, Olavius ulrikae (Annelida: Clitellata: Tubificidae), 
re-assessment of a Western Australian gutless marine worm 
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Abstract - three Western Australian specimens of the gutless marine worm 
genus Olavius, previously identified as Olavius propinquus Erseus, 1984, are 
reconsidered and selected as type material of a new species, Q ulrikae sp. 
nov. This taxon differs from O. propinquus (s. str.), known only from Fiji in 
the South Pacific Ocean, by its curved (instead of straight) penial chaetae (in 
segment XI).. and more numerous somatic chaetae in. preclitellar segments. 
Both species belong to an Indo-Pacifie complex of closely related forms, the 
genera] taxonomy of which is discussed. 

Keywords: Indian Ocean, morphology, Olavius propinquus, taxonomy 


INTRODUCTION 

In a taxonomic account of Western Australian 
marine Tubificidae, Erseus (1993) recorded 41 
species from Rottnest Island and adjacent areas near 
Perth. One of these species, represented by three 
specimens from a subtidal locality near Rottnest 
Island, was identified as Olavius propinquus 
Erseus, 1984, a gutless tubificid previously known 
only from Fiji in the South Pacific Ocean. The 
Western Australian material was described, 
illustrated and compared to the original O. 
propinquus by Erseus (1993), and the morph¬ 
ological differences noted were considered as 
intraspecific and associated with the long 
geographical distance between the two populations. 
It should be noted that the current knowledge of 
these small worms in the Indo-Pacific region as a 
whole is based on limited collection efforts in a few 
disjunct areas around the Australian continent 
(Erseus 1981, 1984, 1990, 1993, 1997a, 1997b; Erseus 
and Bergfeldt 2007). 

Recently, while studying several new species of 
Olavius from the South Pacific, Erseus and 
Bergfeldt (2007) suggested that the intraspecific 
morphological variation in gutless Tubificidae is 
smaller than previously thought. Therefore, 
specimens from New Caledonia also resembling O. 
propinquus were attributed to a new taxon, O. 
isomerus Erseus and Bergfeldt, 2007, which differs 
from O, propinquus s. str. only in the number of 
secondary body wall annuli and somatic chaetae. In 
the light of this, the status of " propinquus 1 from 
Rottnest Island was re-assessed, and it is concluded 
that this form should be regarded as a third species, 
formally described as new in the present paper. 


MATERIAL AND METHODS 

The whole-mounted worms selected as types of 

O. ulrikae sp. n. (specified below) were already 
deposited in the Western Australian Museum 
(WAM), Perth, and the Swedish Museum of Natural 
History (SMNH), Stockholm. All were originally 
regarded as non-type specimens of " O. 
propinquus", and information on their collection 
and preparation was given by Erseus (1993). 

SYSTEMATICS 
Family Tubificidae 
Subfamily Phallodrilinae 
Genus Olavius Erseus, 1984 

Olavius ulrikae sp. nov. 

Figure I 

Olavius propinquus Erseus: Erseus, 1993: 364-365, 
figure 1.6 ( partim; not Erseus, 1984). 

Olavius "propinquus" Erseus: Erseus and Bergfeldt, 
2007: 51-52, table 1 (referring to the Western 
Australian material only). 

Material examined 

Halo type 

Australia: Western Australia: E. of Phillip Rock, 
about I km off Phillip Point (Kingston), Rottnest 
Island, off Perth, 12 m, fine sand, 19 January 1991, 

P. Hutchings (WAM V .156-92), whole-mounted 
specimen; originally identified as Olavius 
propinquus (see Erseus 1993: 364). 
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Figure 1 Olavius ulrikae sp. nov. A, somatic chaeta; B, penial chaeta; C, lateral view of spermathecae and male 
genitalia in segments X-XI (reproduced from Erseus (1993, figure 16)). 


Para types 

Australia: Western Australia: 2 whole-mounted 
specimens from type locality, originally identified 
as O. propinquus and lodged in the SMNH Main 
(non-type) Collection, as ref. nos. 1397 and 29640, 
respectively (SMNH Type Coll. 6953-6954 (new reg. 
nos.)); 1 specimen (29640) was first retained in the 
author's collection (see Erseus 1993: 364) and later 
deposited in SMNH. 

Description (abbreviated, after Erseus (1993)) 

Length 7.6-9.2 mm, 37-48 segments. Body 
slender; maximum width (at XI) 0.15-0.17 mm. 
Clitellum extending over most of segments X-XII. 
Secondary annuli (6)7 per (postclitellar) segment. 
Somatic chaetae (Figure 1A) bifid, 28-42 pm long, 
2-3 per bundle anteriorly, 2 per bundle in 
postclitellar segments. Penial chaetae (Figures IB; 
1C, ps) 28-35 pm long, 3 per bundle, with single- 
pointed, clearly curved outer ends. Male pores in 
line with ventral somatic chaetae, posteriorly in 
segment XI. Spermathecal pores in line with dorsal 
chaetae anteriorly in segment X. Alimentary canal 
absent. Vasa deferentia (Figure IB, vd) 7-12 pm 
wide, entering apical ends of cylindrical, curved 
atria, 80-95 pm long, 19-27 pm wide. Atria (Figure 
1C, a) opening into inner ends of copulatory sacs, 
each at base of large papilla (pp). Prostate glands 
(Figure 1C, prl and pr 2) two per atrium. 
Spermathecae (Figure 1C, s) with short ducts and 
oblong, thin-walled ampullae, latter 65-80 pm long, 
16-23 pm wide. 

Etymology 

Named ulrikae , for Mrs Ulrika Licien (born 
Bergfeldt), my former Master's student, whose 


work on South Pacific gutless tubificids drew my 
attention to the taxonomic status of the present 
species. 

Distribution and habitat 

Known only from Rottnest Island, Western 
Australia; 12 m, fine sand. 


DISCUSSION 

Olavius ulrikae belongs to a homogeneous group 
of species that all have more or less C-shaped, 
tubular atria, each of which opens into the inner 
end of a deep copulatory sac, immediately anterior 
to the base of a large papilla formed by a large fold 
of the sac wall (e.g., see Erseus 1981: figure 4; 1984: 
figure 20C). Within this group, O. albidus 
(Jamieson, 1977), O. propinquus Erseus, 1984 ( sensu 
stricto), O. albidoides Erseus, 1997, O. capillus 
Erseus, 1997, and O. isomerus Erseus and Bergfeldt, 
2007, are most similar to O. ulrikae. All six taxa 
have (1) virtually identical male genital ducts (in O. 
capillus, however, the atrium appears to open at the 
tip rather than the base of the copulatory papilla; 
Erseus, 1997), (2) more or less dorsal spermathecal 
pores, (3) oblong, thin-walled spermathecae, and (4) 
penial chaetae that are most often three per bundle. 
However, whereas the penial chaetae of the five 
previously described species are straight and 
parallel within the bundle, those of O. ulrikae are 
dearly curved in their outer part (Figure IB). 
Moreover, in O. propinquus s. str. and O. capillus , 
the somatic chaetae are invariably two per bundle 
throughout the body, while in the others (including 
O. ulrikae), several bundles in the pre-clitellar part 
of the worm contain three chaetae. 
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Olavius ulrikae, O. e.ipillus and O. albidoides 
seem to be restricted to Western Australia. Olavius 
capi 11 us is known only from the Montebello 
Islands in the north-western part of the state 
(Erseus 1997), while O. albidoides (see Erseus 
1997) has been recorded also from Roll nest Island 
(Erseus 1993) and Albany in the south (Erseus 
1990). Olavius albidoides is distinguished from O. 
ulrikae as well as the other species mentioned here 
by its large, characteristically bipartite 
spermathecal ampullae, and the more lateral 
position of its spermathecal pores. Interestingly, 
when first reported from Western Australia 
(Erseus 1990, 1993), O. albidoides was also taken 
for a species first described from the South Pacific, 
i.e., (.). a Ibid us, a taxon of the Great Barrier Reef 
(Jamieson 1977; Erseus 1981, 1997). 

Admittedly, the separation of this compex of 
closely related Olavius species is based on subtle 
morphological differences, and the taxonomy 
presented here needs to be tested by molecular data 
when such are made available. The mitochondrial 
cytochrome c oxidase subunit 1 (COl) gene has been 
proposed as a "barcode" marker for identification 
of animal species (Hebert et al. 2003a; Hebert and 
Gregory, 2005), and Hebert et al. (2003b) noted that 
the COI sequences of congeneric species pairs of 
Annelida available in GenBank differ on average by 
about 16%. COI works as an identifier for at least 
some oligochaetes (Erseus and Kvist 2007), and it 
has revealed cryptic sped at ion in oligochaetes used 
as models in biological sciences (reviewed by 
Erseus and Gustafsson, in press). For the complex 
of Olavius species treated here, COI sequences are 
available only for O. albidoides (GenBank 
AF064037; Nylander et al. 1999), and O. albidus 
(Erseus, unpublished) and they are 16.1% different. 
Although scanty, this information may be indicative 
of the genetic distances to be expected also between 
other morphologically similar forms of Olavius. 
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Abstract - Lymnastis brooksi sp. nov. is described from a cave on Christmas 
Island in the northern Indian Ocean. The sole specimen is depigmented and 
completely eyeless, and moreover is easily distinguished from other species 
of the genus Lymnastis Motschulsky by the large pronotum bearing 
remarkably acute and projected basal angles, by the almost non-serrate 
margins of the elytra, and by their very inconspicuous striation. The 
relationships of the new species so far are unsettled. A preliminary key to the 
species of Lymnastis recorded from the Oriental, Papuan and Australian 
regions is provided. 


Keywords: taxonomy, new species, Christmas Island, Lvmnastis 


INTRODUCTION 

The carabid beetle genus Lymnastis Motschulsky 
is characterized mainly by the sparsely pilose 
surface, the usually depressed body, the 
depigmented or lightly pigmented colouration, and 
the absence or rudimentary development of the 
apical stride on the elytra. It is closely related to the 
American genus Micratopus Casey from which it 
differs mainly in some features of the mouth parts. 

At present the genus comprises about 40 species 
(Lorenz 2005), which are distributed through the 
Eastern Hemisphere, from Mediterranean Europe 
including the Atlantic islands, through Africa, 
southern mainland and insular Asia, New Guinea, 
New Britain, and Australia, with one species each 
occurring in Central America and on Hawaii, 
respectively. Most species of the genus are quite 
similar in shape and appearance, being large-eyed 
and capable of flight, but some species from 
Europe, Africa, and New' Guinea are eyeless and 
usually also short-winged. 

The fully winged species generally occur in more 
or less damp places and are most commonly 
encountered at light, whereas the eyeless species 
usually are found under deeply imbedded stones or 
in earth cracks (jeannel 1932; Andrewes 1935; 
Darlington 1962), those occurring on the Canary 
Islands also were recorded from volcanic caves 
(Machado 1992). 

Apparently, females are more commonly sampled 
than males (jeannel 1932; personal observations on 
Australian Lymnastis }, but this may be due to the 
sampling techniques employed, because females 
may more easily come to light than males. 

Through courtesy of Bill Humphreys of Western 


Australian Museum, I received an unidentified 
bembidiine specimen collected in a cave on 
Christmas Island in the Indian Ocean, for 
identification. Examination of the specimen 
revealed that it belongs to the genus Lymnastis and 
represents a remarkable, undescribed species. 

MATERIALS AND METHODS 

Whereas the new cavernicolous specimen was 
loaned from Western Australian Museum, Perth 
(WAM), material for comparison of the Oriental 
species L atricapillus Bates, L. coomani jeannel, and 
L. pilosus Bates was taken from my working 
collection. 

For the description current methods were used. 
In view of the small size of the specimen, drawing 
of the habitus was preferred because this seems 
more favourable than taking photographs. 

The specimens were examined using a bifocal 
Leitz Stereo Microscope with up to 160x 
magnification. I used one or even two very bright 
Wild lamps that can be focused. 

Measurements were taken using a stereo 
microscope with an ocular micrometer. Length was 
measured from the apex of the labrum to the apex 
of the elytra. Body lengths, therefore, may slightly 
differ from those specified by other authors. The 
length of the pronotum was measured from the 
most advanced part of the apex to the most 
advanced part of the base. The width of the apex of 
the pronotum was. measured between the most 
advanced parts of the apical angles, and the width 
of the base at the widest part of the basal angles. 
The length of the elytra was measured from the 
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most advanced part of the humerus to the very 
apex. 

SYSTEMATICS 

Family Carabidae 

Subfamily Bembidiinae 

Genus Lymnastis Motschulsky, 1862 

Lymnastis Motschulsky, 1862: 27; Csiki 1928: 170; 
Jeannel 1932: 170; Andrewes 1935: 302; 
Darlington 1968: 484; Moore et al. 1987: 145; 
Machado 1992: 188; Lorenz 1998: 195. 

Type species 

Lymnaeum indicum Motschulsky, 1851, by 
monotypy. 

Remarks 

Jeannel (1932) provided an extensive diagnosis 
and a key to the then known species of Lymnastis. 
The New Guinean species which cover also those 
recorded from Australia were keyed by Darlington 
(1962), the known Oriental ones were keyed by 
Andrewes (1935) and in parts mentioned by Stork 
(1986). 

It should be mentioned, however, that the so- 
called " Lymnastis pilosus ” recorded from Australia 
and New Guinea not only differ from those 
occurring in mainland Asia (e.g. Burma and 
Thailand), but apparently include a number of taxa 
which differ inter se not only in the shape of the 
pronotum and elytra and in the size of eyes, but 
also in features of their male genitalia. This complex 
at present is being examined. 

Lymnastis brooksi, sp. nov. 

Figures 1, 2 

Material examined 

Holotype 

Australia: Christmas Island: 9 , Jane Up Cave, 
cave CI-6, 10°29’20”S, 105°38’36"E (GPS reading), 24 
May 2006, R.D. Brooks et al. (BES: 14048) 
(WAM70301). 

Diagnosis 

Lymnastis brooksi is a species of the genus 
Lymnastis , characterized from all other species by the 
total absence of eyes, the depigmented, very pale 
yellow colouration, the large, voluminous pronotum 
bearing remarkably acute basal angles which 
conspicuously protrude laterad and posteriad, 
elongate, almost parallel, barely striate elytra which 
are not serrulate behind humerus, and the rather 
glossy, comparatively weakly microreticulate surface. 


Description 

Female 

Measurements: length 2.3 mm; width 0.78 mm. 
Width/length of pronotum 1.10; width base/apex of 
pronotum 1.18; width pronotum/head 1.68; length/ 
width of elytra 1.79. 

Colour, upper and lower surfaces, and palpi, 
antennae, and legs very pale yellow. 

Head: moderately wide, frons in middle gently 
and evenly convex, laterally behind clypeal suture 
with a shallow, slightly oblong impression. Eyes 
completely absent, not even any traces of ocelli 
visible. Two supraorbital setae present, the anterior 
one being shorter. Clypeus markedly hexagonal, 
bisetose, clypeal suture distinct though not 
impressed. Frons with an elongate seta on either 
side just behind clypeal suture. Labrum with apex 
slightly concave, quadrisetose. Mandibles short and 
compact, with high scrobe and with a quite elongate 
seta within scrobe. Mentum with an obtusely 
triangular tooth, bisetose besides tooth. Submentum 
quadrisetose. Glossa narrow and elongate, bisetose 
at apex, paraglossae hyaline, very slightly 
surpassing glossa. Lacinia elongate, inner margin 



Figure 1 Lymnastis brooksi sp. nov., holotype female, 
habitus. Length 2.3 mm. 
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strongly spinose. Labial palpus small, penultimate 
palpomere globose, sparsely setose, terminal 
pa I pom ere subulate, elongate. Maxillary palpus 
large, penultimate palpomere moderately globose, 
rather sparsely setose and with a ring of short setae 
at apex, terminal palpomere very short. Antenna 
comparatively elongate (in group), median 
antennomeres even slightly longer than wide, 
antennomeres completely pilose. Surface of head 
with very sparse, rather coarse punctures, with 
sparse, erect or slightly inclined, comparatively 
short pilosity, and with distinct though superficial, 
about isodiametric mieroreticulation, surface quite 
glossy. Also the eye area sparsely and shortly 
pilose. 

Pronotum : in comparison to other species of the 
genus very large and elongate, voluminous, 
dorsally rather convex, lateral margins evenly 
convex, only very shortly but rather deeply sinuate 
immediately in front of the basal angles. Widest 
diameter very slightly in front of middle. Apical 
angles rounded, barely produced, apex gently 
concave, not margined. Lateral margin narrow, 
marginal sulcus shallow though distinct. Basal 
angles very acute, markedly projected laterad and 
slightly posteriad. Base in middle produced, 
laterally excised and from excision to basal angle 
narrowly margined. No anterior transverse sulcus 
visible, median line perceptible but not impressed, 
basal sulcus about triagonal, in middle barely 
impressed. Basal grooves barely indicated. Anterior 
lateral seta situated slightly in front of middle, 
posterior lateral seta situated at a very short 
distance in front of basal angle, both setae very 
elongate. Apical margin with a transverse row of 
six fairly elongate, erect setae. Dorsal surface with 
sparse, rather coarse punctures, with sparse, partly 
erect but on disk rather inclined, remarkably short 
pilosity, and with very superficial, slightly 
transversal mieroreticulation; surface very glossy. 

Elytra: comparatively elongate, dorsally gently 
convex, in basal third almost parallel, then gently 
and evenly rounded to the obtusely-convex apical 
angles, widest diameter close to base. Humeri very 
slightly obtuse, almost rounded. Lateral margin 
behind humerus not perceptibly serrulate. Apex 



Figure 2 Lymnastis brooksi, sp. now, holotype female: 

mentum and labium, ventral view. Seale; 0.1 
mm. 


deeply dehiscent. Striae in basal half almost not 
perceptible, towards apex slightly more distinct, but 
not at all impressed. Intervals absolutely depressed, 
with uniseriate to irregularly biseriate punctuation 
of fairly coarse punctures which give the intervals 
the appearance of bearing faint, irregular, 
transverse strides. Intervals with comparatively 
short, erect pilosity. Also the lateral margin sparsely 
and shortly pilose. Apical stride short and very 
indistinct. Surface with isodiametric to very slightly 
transverse, superficial mieroreticulation, therefore 
surface comparatively glossy. Margin with 4 
anterior and 4 posterior marginal punctures and 
very elongate setae, separated by a wide space in 
middle, but punctures difficult to detect when setae 
broken. 3 rd interval with two discal punctures and 
rather elongate, erect setae, the anterior puncture 
situated at apical third, the posterior one situated 
near apex. The posterior seta longer than the 
anterior one. 

Posterior wings: very much reduced. 

Lower surface: proepisternum and prosternum 
With superficial, transverse mieroreticulation, 
abdomen with very elongate, transverse lines, 
whole lower surface glossy, sparsely pilose, pilosity 
short, erect. Also the lateral margins of abdomen 
shortly pilose. Metepisternum slightly longer than 
wide at apex, but partly concealed by the 
epipleurae. Female with two elongate setae at apex 
of terminal sternite. 

Legs: of average size and shape. 

Female stylomeres: Not dissected to preserve the 
unique specimen. 

Distribution 

This species is only known from the type locality 
on Christmas Island, northern Indian Ocean. 

Remarks 

The biology of this species is unknown, although 
some information about the collecting circum¬ 
stances is available thanks to the kindness of 
Julianne Waldock. The type locality is a very humid 
freshwater stream cave about 137 m long and 15.5 
m deep on the top of Christmas Island which is a 
calcareous island. The holotype was collected under 
leaf litter which was placed two weeks before on a 
damp, muddy soil bank near the end of the cave 
which is in total darkness. 

Relationships 

This is an unique species which in its external 
morphological characters is very different from all 
recorded species in the nearer vicinity. 

Etymology 

The name is a patronvm and honours one of the 
collectors of this species, Darren Brooks. 
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Remarks 

The small, isolated seamount of Christmas Island 
lies in the northern Indian Ocean, only about 150 
km south of Java. The surface is largely calcareous 
and bears several caves which have been intensively 
studied. An interesting cave fauna has been 
recorded, including a blind scorpion, stygobitic 
shrimps (see Humphreys and Eberhard 2001 for 
additional information on the cavernicolous fauna), 
and also another tiny carabid of the anilline lineage 
which is presently studied by P. M. Giachino. 

Lymnastis brooksi is the second eyeless species of 
the bembidiine genus Lymnastis recorded from the 
southern Oriental and Australian-Papuan regions 
but is the only species within this area that has been 
collected from within a cave. The other species, 
Lymnastis inops Darlington from Papua New 
Guinea, was found at rather high altitude (between 
about 1,800 and 2,500 m), from under a deeply 
imbedded stone in limestone country. Certainly, 
however, cavernicolous habits of the New Guinean 
species cannot be denied, because transition from 
geophilous to cavernicolous habits is common in 
many other blind bembidiine and trechine species 
living in calcareous environments. 

As the Christmas Island specimen was caught 
under leaf litter introduced into the cave by the 
collectors, it is not possible to decide whether the 
species normally lives free running on the ground 
or concealed in earth cracks or within the soil. 

All other Lymnastis species from Australasia are 
large-eyed beetles capable of flight which probably 
live in ground litter under more or less wet 
conditions and which are usually sampled at light 
by collectors. From mainland Australia only L. 
pilosus Bates has been recorded, and from New 
Guinea L. atricapillus Bates as well. However, a 
review in progress of Australian and New Guinean 
material suggests that several additional forms are 
involved, though additional material and 
comparison with the types of earlier described but 
synonymized species is required unless final 
taxonomic decisions are possible. 

From the adjacent islands Sumatra and Java so far 
only the widespread species L. pilosus has been 
recorded (Andrewes 1933, 1935), which does not 
seem to be closely related to L. brooksi. 

Preliminary key to the species of Lymnastis from 
South Asia, New Guinea and Australia 

(The Australian and New Guinean forms 
presently are subject of revisionary work) 

1. Eyes absent.2 

Eyes present, usually large and prominent. 3 

2. Size larger, total length > 2.7 mm; elytra behind 

humerus markedly serrate [Papua New 

Guinea, at high altitude]. 

.. L. inops Darlington 


Size smaller, total length c. 2.3 mm; elytra 
behind humerus not perceptibly serrate 
[Christmas Island, northern Indian Ocean, in 
cave]. L. brooksi sp. nov. 

3. Surface very coarsely punctate; elytra without 

microreticulation, glossy [Burma, eastern 

India]. L. indicus Motschulsky 

Surface less coarsely punctate; elytra with 
distinct microreticulation.4 

4. Elytral striae very faint, even sutural stria 

impressed only near apex; microreticulation 
isodiametric; 3 rd interval with a single 
setiferous puncture; size very small, length 

1.7 mm [eastern India]. 

. L. pullulus Motschulsky 

Inner elytral striae distinctly impressed; 
microreticulation transverse; 3 rd interval with 
two setiferous punctures; size usually larger, 
length >1.8 mm .5. 

5. Prothorax and elytra yellow, head dark piceous 

to black [Burma, Borneo, Philippines, New 

Guinea]. L. atricapillus Bates 

Colour uniformly yellow.. 6. 

6. Elytra narrow and elongate, ratio length/width 

> 1.84; pronotum smaller, ratio width/length 
< 1.20; body size smaller, total length < 2 mm; 
aedeagus (seen from right) without a distinct 
convexity at lower surface [Thailand, 

Vietnam]. L. coomani Jeannel 

Elytra shorter and wider, ratio length/width < 
1.75; pronotum larger, ratio width/length > 
1.28; body size larger, total length > 2 mm; 
aedeagus (seen from right) with a distinct 
convexity at lower surface [South-east Asia 
from India through the Indonesian and 
Philippine insular belts to Sulawesi and the 
Moluccas; the occurrence in New Guinea, 

New Britain, and Australia is doubtful] . 

. L. pilosus Bates 
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Abstract - Three new species of fossil Triviidae - Trivellona darraghi sp. 
nov., Trivellona kendricki , sp. nov. and Trivellona lochi , sp. nov. - are 
described from the Balcombian of the Otway Basin, Victoria. The Australian 
fossil species involve the largest recorded size for Triviidae. Recent Triviidae 
are always less than 30 mm with most species generally less than 10 mm 
although Trivellona darraghi reaches almost 50 mm. These new species differ 
from the Bairnsdalian Trivellona avellanoides (McCoy, 1867) by their more 
numerous and more close-set shell ribs. 


INTRODUCTION 

A recent review of the fossil and Recent species of 
the deep water gastropods of the genus Trivellona 
(Fehse and Grego 2004) revealed a more diverse 
fauna than monographed by Schilder (1935, 1966). 
In 1935 Schilder described Trivellona transiens, T. 
suhtilis and T. tatei , species that may reach a 
maximum of 10 mm in length. Schilder (1966) later 
described T. daphnes (Figure 3 M, O, Figure 5 B), 
which was found to be similar to T. avellanoides 
(McCoy, 1867) (Figures 4M~P, 5A). Both T. 
avellanoides and T. daphnes belong to the larger- 
shelled fossil species with shell lengths between 20 
and 30 mm. The number of dorsal ribs 2 in both taxa 
is always significantly less than 30, and the ribs are 
widely spaced. 

Re-examination of the type material of T. 
avellanoides and T. daphnes , together with a wider 
range of additional specimens, has led us to 
conclude that three species from Clifton Bank, 
Muddy Creek differ sufficiently and consistently 
from all other in the genus to justify their 
recognition as new species which are described 
herein. Trivellona darraghi sp. nov. is the largest 
recorded triviid with a shell length of almost 50 
mm. This species is most similar to the recent 
Trivellona cf. kiiensis (Kuroda and Cate in Cate, 
1979) from deep water off Aliguay Island, 
Philippines. Trivellona lochi sp. nov. is somewhat 
smaller than T. darraghi , and exhibits an inter¬ 
mediate morphology between the Miocene T. 


daphnes (Schilder) and the extant T. opalina 
(Kuroda and Cate in Cate 1979). Finally, the third 
new species Trivellona kendricki , sp. nov., 
represents the smallest species of the three new 
taxa, and possesses the most pyriform shell. All 
three species are characterised by very numerous 
and close-set dorsal ribs. 

Trivellona avellanoides and T. daphnes from 
"Grice Creek" (= Cunyoung Creek) are from the 
Fyansford Formation and are of Bairnsdalian Age 
(Darragh 1985: 104), that is post-Balcombian. 
Gunyoung Creek is the official, correct name of the 
locality once known as Grice or Grice's Creek 3 . The 
geology of the area is described in Gostin (1966). 

The specimens examined in this study are lodged 
in the following institutions: collection of Dirk 
Fehse, Berlin, Germany (DFB); Museum Victoria, 
Melbourne, Australia (N MV). 

Dimensions 

Length refers to the greatest anterior/ posterior 
measurement. Width refers to the greatest lateral 
(left-right) measurement with the shell at rest on 
the ventrum. Height refers to the maximum 
globosity from the ventrum through to the 
dorsal extremity. Columellar respectively labrai 
denticles at the anterior and posterior end of the 
parietal respectively labrai lip have been 
counted as full teeth. The count of the dorsal 
ribs follow's the definition by Schilder (1933, p. 
288, text-fig. 6). 


C'ontributirsrt:fti the knowledge pf Triviidae (X%iixt$ca: tja^tropoda).. Part XVIII. 
- Tht*'inunbertjkavd ribs istiefipgd after Setyktef {1933, p. 2-8S, text-fig. 6). 

’ DarrAgh (2302: e.g. 367), however, still used tile natfw Or ices Creek 
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SYSTEMATICS 
Family Triviidae Troschel, 1863 
Genus Trivellona Iredale, 1931 
Type species 

Trivellona excelsa Iredale, 1931, by original 
designation. 

Trivellona darraghi sp. nov. 

Figures 1, A-V, 2, A-T, Figure 5E 

2004 Trivellona sp. indet. F: Fehse and Grego: 23, 
plate 28, fig. 116. 

Material examined 

Holotype 

Australia: Victoria: from Clifton Bank, 'Clifton' 
property. Muddy Creek, Yulecart via Hamilton, 
date unknown, Mrs M. Robertson. NMV P312638. 
Muddy Creek Formation, Baicombian, Middle 
Miocene. 

Pamtypes 

Australia: Victoria: 2 specimens, from the type 
locality, date and collector unknown (DFB 1319A/B); 
1 specimen, from the type locality (NMV 
P312635); 4 specimens, from the type locality, 
date unknown, Mr G.B. Pritchard (NMV P312636, 
P312649, P312808, P314878); 1 specimen, from the 
type locality, June 1957, R. Blackwood (NMV 
P312637); 2 specimens, from the type locality, 
date unknown, Mrs M. Robertson (NMV P314872, 
P314873); 2 specimens, from the type locality, 
date unknown, Mr J.H. Young (NMV P312642, 
P312643); 1 specimen, from the type locality, date 
unknown, Mr G. Sweet (NMV P312645). Muddy 
Creek Formation, Baicombian, Middle Miocene. 


Other material 

Australia: Victoria: 2 specimens, from the type 
locality, date unknown, Mr G.B. Pritchard (NMV 
P312634, P312807); 8 specimens, from the type 
locality, date unknown, Mr G. Sweet (NMV 
P312641, P314875, P314876, P314877, P312646A-B, 
P312647, P312648). Muddy Creek Formation, 
Baicombian, Middle Miocene. 

Diagnosis 

Shell large for genus, elongated. Spire elevated. 
Ventrum strongly convex. Labrum ventrally, 
angularly rounded, anteriorly flattened. Outer 
labral margin ridged. Inner fossular margin 
projected. 

It differs from T. avellanoides (McCoy, 1867) and 
T. daphnes (Schilder, 1966) by the larger, somewhat 
rectangular, shell outline, the more numerous, 
close-set ribs and the projected inner fossular 
margin. The new species has often been 
misidentified as T. transiens or T. subtilis but these 
two species are immediately recognisable by their 
smaller size, since most specimens do not exceed 10 
mm. See Table 4 for other distinguishing features. 

Description 

Shell medium to large sized, lightweight, 
somewhat fragile, globose. Spire elevated, covered 
by 5 to 7 terminal ribs. Body whorl somewhat 
pyriform, globose, rounded, approximately 90% of 
total shell height; anterior terminal produced, tip 
blunt; posterior terminal slightly so. Anal canal and 
posterior terminal tip almost obscured. Dorsum 
evenly rounded, highly elevated, completely 
covered by 22 to 26 fine ribs with a mid-dorsal 
depression; at times ribs bisected by a smooth mid¬ 
dorsal area. Ventrum convex, with terminal collars 
straight. Aperture relatively narrow, straight, 
abapically curved. Labrum narrow, straight at its 


Table 1 Dimensions of Trivellona darraghi sp. nov. 


Specimens 
(catalogue numbers) 

Length 

Width 

Height 

Columellar 

teeth 

Labral 

teeth 

Dorsal 

ribs 


NMV P312638 

31.0 

24.2 

21.0 

23 

30 

26 

H 

DFB 1319 A 

31.1 

22.8 

20.1 

23 

29 

22 

PI 

DFB 1319B 

25.3 

19.5 

15.9 

24 

31 

24 

P2 

NMV P31.2635 

27.5 

19.9 

16.7 

25 

33 

24 

P8 

NMV P312636 

~49 

30.9 

- 

24 

35 

- 

P7 

NMV P312637 

19.0 

13.4 

11.3 

21 

23 

22 

P6 5? 

NMV P314872 

-31.4 

24.0 

21.0 

26 

32 

24 

P4 

NMV P314873 

32.5 

23.7 

20.4 

25 

35 

- 

P10 

NMV P312642 

-46 

-33.5 

27.1 

- 

- 

- 

P12 

NMV P312643 

30.8 

22.2 

19.7 

24 

34 

22 

P9 

NMV P312645 

33.8 

25.5 

22.5 

23 

29 

- 

Pll 

NMV P312649 

25.7 

19.6 

16.8 

- 

28 

26 

PI 3 

NMV P312808 

-33.0 

24.3 

21.1 

26 

33 

22 

P3 

NMV P314878 

27.7 

20.1 

17.3 

24 

29 

26 

P5 
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Figure 1 A-V, Trivellona darraghi sp. nov. from Clifton Bank, Muddy Creek, Yulecart via Hamilton, Victoria, 
Australia (probable mature female specimens): A-D NMV P312808, paratype 3, X 1.2; A ventral, B left 
lateral, C dorsal, D right lateral. E-H NMV P312645, paratype 11, X 1.2; E ventral, F left lateral, G dorsal, H 
right lateral. I-L NMV P312643, paratype 9, X 1.2; I ventral, J left lateral, K dorsal, L right lateral. M-P NMV 
P314878, paratype 5, X 1.2; M ventral, N left lateral, O dorsal, P right lateral. Q-V DFB 1319A, paratype 1, X 
1.2; Q ventral, R left lateral, S dorsal, T right lateral, U apical, V abical. 
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Figure 2 A-T, Trivellona darraghi, sp. nov. from Clifton Bank, Muddy Creek, Yulecart via Hamilton, Victoria, 
Australia: A-D NMV P312638, holotype, X 1.2; A ventral, B left lateral, C dorsal, D right lateral (probable 
mature female specimen). E-H NMV P314872, paratype 4, X 1.2; E ventral, F left lateral, G dorsal, H right 
lateral (probable mature female specimen). I-L NMV P312637, paratype 6, X 1.2; I ventral, J left lateral, K 
dorsal, L right lateral (probable mature male specimen). M-P NMV P312635, paratype 8, X 1.2; M ventral, N 
left lateral, O dorsal, P right lateral (probable mature female specimen). Q-T NMV P312636, paratype 7, X 
1.2; Q ventral, R left lateral, S dorsal, T right lateral (probable mature female specimen). 
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mid-portion, curved anteriorly and posteriorly, 
posteriorly projecting, roundly keeled on ventrum, 
anteriorly flattened, bearing on its inner margin (23) 
29 to 35 tine denticles (see Table I). Outer margin of 
the lip slightly, angularly call used with a sharp 
ridge on shoulder. Si phonal and anal canals 
following shell profile; bordered ad a pi call v and 
a bap really by weak ventral side walls. Columella 
narrow, straight, tapering steeply inwards, 
bordered internally by a carinal ridge. Parietal lip 
anteriorly ridged, bearing 21 to 26 ribs (see Table 1), 
which continue onto the carinal ridge, where they 
are slightly T-shaped. Fossula broadly concave, not 
clearly delimited from the rest of the columella. 
Inner fossular edge slightly protruding. 

Etymology 

The name of the species honours Dr Thomas A. 
Darragh, Museum Victoria, Melbourne, Australia. 

Remarks on shell morphology 

The shell thickness also of the largest paratype is 
0.2 mm. This might indicate that all large shelled 
Trivellona species of the Australian Miocene were 
inhabitants of bathyal waters like observed in recent 
species (Fehse and Grego 2004). 

Sexual dimorphism in the Triviidae has not been 
studied yet. However, the paratype 6 of Trivellona 
darraghi with its length of 19 mm would strongly 
suggests that short specimens are males. A similar 
situation is found in the Ovulidae (Dr Felix Lorenz, 
pers. obs. and comm.). 


Trivellona lochi sp. nov. 

Figures 4A-L, 5D 

Material examined 

Holotype 

Australia: Victoria: from Clifton Bank, 'Clifton' 
property, Muddy Creek, Yulecart via Hamilton, 
date unknown, Mr G. Sweet (NMV P312644). 
Muddy Creek Formation, Balcombian, Middle 
Miocene. 


Para types 

Australia: Victoria : 2 specimens, from Fossil 
Beach, Morning ton, Fyansford Formation, 
Balcombian, date and collector unknown (DFB 
8518); 1 specimen, from the type locality, date and 
collector unknown (DFB 8519). 1 specimen, from 
the type locality, date unknown, Mr G.B. Pritchard 
(NMV P312806); piece of labrum, from type locality, 
date unknown, Mr G.B. Pritchard (NMV P312809). 
Muddy Creek Formation, Balcombian, Middle 
Miocene. 

Diagnosis 

Shell large, inflated, sub-triangular. Ventrum 
strongly convex. Labrum anteriorly and posteriorly 
declivous. Outer lahral margin slightly angled. 
Inner fossular margin not delimited from inner 
carinal ridge. 

Trivellona lochi differs from T. darraghi in the 
sub-triangular shell outline, the not-delimited inner 
fossular margin, and the declivous posterior lahral 
portion. It is distinguished from T. daphnes by the 
elongated shell outline and the more numerous, 
finer ribs. See Table 4 for other distinguishing 
features. 

Description 

Shell of large size, light in weight, somewhat 
fragile, sub-triangular, globose. Spire slightly 
elevated, covered by 7 to 8 terminal ribs. Body 
wdiorl sub-triangular, globose, rounded, 
approximately 90% of total shell height; anterior 
terminal produced; posterior terminal slightly so. 
Terminal tips protruded. Dorsum highly elevated; 
posterior third slightly humped, completely 
covered by 28 to 32 fine ribs. Ribs in shape and 
interstices irregular. Ventrum strongly convex; 
terminal collars straight. Aperture relatively 
narrow, adapically curved. Labrum narrow, convex, 
roundly keeled on ventrum, widest in mid-portion, 
narrowing towards terminals, hearing on its inner 
margin 29 to 33 fine denticles (see Table 2). Outer 
margin of lip slightly, angularly call used, with a 
slight ridge on shoulder. Anterior and posterior 
portions of labrum declivous. Si phonal and anal 


Table 2 Dimensions of Trivellona lochi sp. nov. 


Specimens 
(catalogue numbers) 

Length Width 

Height 

Columellar 

teeth 

labial 

teeth 

Dorsal 

ribs 


NMV P312644 

30.4 28,7 

20.7 

?25 

33 

28 

H 

NMV IV12806 

28.2 21.8 

19.5 

22 

31 

32 

PI 

NMV P312809 

broken piece of labrum 




- 

P2 

DFB 8519 

30.2 23.4 

19.9 

?2 

30 

28 

P3 

DFB 8518A 

26.5 21.3 

18.6 

22 

29 

28 

P4 

DFB 85 FSB 

25.0 20.2 

17.6 

22 

29 

30 

185 
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Figure 3 A-L, Trivellona kendricki sp. nov. from Clifton Bank, Muddy Creek, Yulecart via Hamilton, Victoria, 
Australia: A-D NMV P312640, holotype, X 1.2; A ventral, B left lateral, C dorsal, D right lateral (probable 
mature male specimen). E-H NMV P312639, paratype 2, X 1.2; E ventral, F left lateral, G dorsal, H right 
lateral (probable mature female specimen). I-L NMV P312634, paratype 3, X 1.2; I ventral, J left lateral, K 
dorsal, L right lateral (probable mature female specimen). M-O Trivellona daphnes (Schilder, 1966) from 
Port Phillip Bay between Mount Eliza and Mount Martha, Gunyong Creek (formely Grices Creek), 
Momington district, Victoria, Australia: M-O BMNH G.40070, holotype, X 1.2; M ventral, N dorsal, O left 
lateral (photo: Caroline Hensley from BMNH). 
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Figure 4 A-L, Trivellona lochi sp. nov. from Clifton Bank, Muddy Creek, Yulecart via Hamilton, Victoria, Australia: 

A-D NMV P312806, paratype 1, X 1.2; A ventral, B left lateral, C dorsal, D right lateral (probable mature 
female specimen). E-H NMV P312644, holotype, X 1.2; E ventral, F left lateral, G dorsal, H right lateral 
(probable mature female specimen). I-L DFB 8519, paratype 3, X 1.2; I ventral, J left lateral, K dorsal, L right 
lateral (probable mature female specimen). M-P Trivellona avellanoides (McCoy, 1867) from Port Phillip Bay 
between Mount Eliza and Mount Martha, Gunyong Creek (formely Grices Creek), Mornington district, 
Victoria, Australia: M-O NMV P5256, holotype, X 1.2; M ventral, N left lateral, O dorsal, P right lateral 
(photo: David Holloway). 
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Figure 5 A-E, Outlines (ventral aspect) of the discussed large sized Trivellona species from the Australian Miocene: A 
Trivellona avellanoides (McCoy, 1867). B Trivellona daphnes (Schilder, 1966). C Trivellona kendricki sp. nov. 
D Trivellona lochi sp. nov. E Trivellona darraghi sp. nov. 


Table 3 Dimensions of Trivellona kendricki sp. nov. 


Specimens 
(catalogue numbers) 

Length 

Width 

Height 

Columellar 

teeth 

Labral 

teeth 

Dorsal 

ribs 


NMV P312640 

22.9 

16.6 

14.1 

23 

29 

34 

H 3? 

DFB 5115 

22.0 

16.1 

13.8 

22 

25 


PI 6? 

NMV P312639 

32.2 

23.4 

19.6 

25 

35 

_ 

P2 $? 

NMV P312634 

29.8 

21.7 

17.9 

- 

33 

34 

P3 $? 


canals follow shell profile, both bordered adapically 
and abapically by ventral side-walls; siphonal canal 
sharply edged. Anal canal obscured. Both canals are 
bordered adapically and abapically by ventral side- 
walls, anterior side wall sharply edged. Columella 
straight, tapering steeply inwards, bordered 
internally by a weak carinal ridge, bearing 22 to 25 
ribs (see Table 2), which continue onto the carinal 
ridge, where they become considerably finer. 
Fossula concave. Inner fossular edge and fossula 
not clearly delimited from rest of columella. 

Etymology 

The name of the species honours Mr Ian Loch of 
the Australian Museum, Sydney, New South Wales. 


Trivellona kendricki sp. nov. 

Figures 3A-L, 5C 

Material examined 

Holotype 

Australia: Victoria: from Clifton Bank, 'Clifton' 
property, Muddy Creek, Yulecart via Hamilton, 
1981, Mr L. Elmore, 1981 (NMV P312640). Muddy 
Creek Formation, Balcombian, Middle Miocene. 

Paratypes 

Australia: Victoria : 1 specimen, from the type 


locality, date and collector unknown (DFB 5115);1 
specimen, from the type locality, date unknown, 
Mrs M. Robertson (NMV P312639); 1 specimen, 
from the type locality, date unknown, Mr G.B. 
Pritchard (NMV P312634). Muddy Creek 
Formation, Balcombian, Middle Miocene. 

Diagnosis 

Shell large, pyriform, with an elevated spire. 
Ventrum slightly convex. Labrum anteriorly and 
posteriorly declivitous. Outer labral margin 
roundly edged. Inner fossular margin not delimited 
from inner carinal ridge. It differs from T. darraghi 
and T. lochi by its pyriform shell outline, less 
developed dorsal sulcus and especially from T. 
darraghi by its not-delimited inner fossular margin. 
See Table 4 for other distinguishing features. 

Description 

Shell medium in size, light weight, somewhat 
fragile, slightly pyriform. Spire somewhat elevated, 
covered by 4 to 6 terminal ribs. Body whorl 
somewhat pyriform, globose, rounded, approx¬ 
imately 90% of total shell height; anterior terminal 
produced; posterior terminal slightly so. Terminal 
tips protruded. Dorsum evenly rounded, regularly 
elevated, completely covered by 38 to 42 fine ribs. 
Ventrum slightly convex; terminal collars straight. 
Aperture relatively narrow, straight. Labrum 
narrow, convex, flattened on ventrum, anteriorly 
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Table 4 Differences in shelf morphology of Trivellona spp. 


Feature 

7. avellanoides 

T. daphnes 

T. darragh i 

T. kendricki 

T. lochi 

Shell length 

16-21 mm 

21 24 mm 

19-49 mm 

22.33 mm 

25-31 mm 

shell outline 

slightly 

squarish 

rounded 

triangular 

somewhat 

rectangular 

elongated 

pyriform 

elongated !v 
sub-triangular 

dorsal sulcus 

deepened, 
smooth restricted 

a rea 

deepened, 
ribs bisected 
or depressed 

somewhat 
obsolete, 
ribs slightly 
depressed 

narrow 

smooth area 

irregularly 
deepened, 
ribs bisected 

ribs 

somewhat coa rse, 
few, irregular, 
wide interstices 

somewhat coarse, 
slightly numerous, 
irregular, 
wide interstices 

numerous, 
fine, close-set 

numerous, 
fine, close-set 

irregular, 
numerous, 
fine, close-set 

No. of dorsal ribs 

18-22 

20-24 

22-26 

38-42 

28-32 

labrum 

narrow, widely 
curved, ventrally 
angularly rounded 

narrow, widely 
curved, flattened 

narrow, mid- 

portion straight, 

ventrally 

rounded, 

anteriorly 

flattened 

narrow, mid¬ 
portion 
somewhat 
straight, 
flattened 

narrow, mid- 
portion somewhat 
straight, ventrally 
rounded, 
anteriorly and 
posteriorly 
declivous 

posterior labral 
portion 

follows shell 
profile 

strongly 

projected 

projected 

projected 

strongly 

projected 

inner fossular 
margin 

follows carinal 
ridge 

follows carinal 
ridge 

slightly 

projected 

follows carinal 
ridge 

follows carinal 
ridge 


and posteriorly slightly declivous. Outer margin of 
lip slightly, angularly callused. Labrum posteriorly 
projecting, bearing on its inner margin 25 to 35 fine 
denticles (see Table 3). Siphonal and anal canals 
follow shell profile. Anal canal almost obscured. 
Siphonal canal bordered ventrally by a sharply 
edged side-wall. Columella straight, narrow, 
tapering steeply inwards, bordered internally by a 
carinal ridge. Parietal lip slightly edged, bearing 22 
to 25 ribs (see Table 3), which continue onto the 
carinal ridge, where they are slightly T-shaped. 
Fossula concave. Inner fossular edge and fossula 
not clearly delimited from the rest of the columella. 

Etymology 

The name of the species honours Mr George W. 
Kendrick of the Western Australian Museum, Perth. 
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Short communication 


A replacement name for the bee Euhesma sulcata Exley 
(Hymenoptera: Colletidae: Euryglossinae) 


Elizabeth M. Exley t 

Department of Zoology and Entomology, 1 lie University of Queensland, 
St Lucia, Queensland 4072, Australia 


Abstract . Euhesma stria is proposed as a replacement name for Euhesma 

sulcata Exley 2002 which was found to be a junior secondary homonym of 
Euhesma sulcata (Exley 1998). 


INTRODUCTION 

Exley (2002) proposed the name Euhesma sulcata 
for a new bee species of the Euhesma crabonica spe¬ 
cies-group from Western Australia. This species has 
been found to be preoccupied by Euhesma sulcata 
(Exley, 1998), which was originally described as 
EurygJossa (Euhesma) sulcata. The subgenus 
Euhesma was raised to generic level by Michener 
(2000). A replacement name for the preoccupied 
name is provided below. 

Euhesma stria, nom. nov. 

Euhesma sulcata Exley, 2002: 208, figure 4. Junior 
secondary homonym of Euhesma sulcata (Exley, 
1998). 

Etymology 

The Latin word stria, meaning furrow, refers to 
the same structure as the original E. sulcata, i.e. the 
groove-like metasomal foveae. 
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Silicified Eocene molluscs from the Lower Murchison district. 
Southern Carnarvon Basin, Western Australia 
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Abstract - Silicified Middle to Late Eocene shallow water sandstones 
outcropping in the Lower Murchison District near Kalbarri township contain 
a silicified fossil fauna including foraminitera, sponges, bryozoans, solitary 
corals, braehiopods, eehinoids and molluscs. The known molluscan fauna 
consists of 51 species, comprising 2 cephalopods, 14 bivalves, 1 scaphopod 
and 34 gastropods. Of these taxa three are newly described, Cerithium wtlva, 
Zeacolpus hartoni, and Lyria lamellatoplicata. 25 of these molluscs are 
identical to or closely comparable with taxa from the southern Australian 
Eocene, The occurrence of this fauna extends the Southeast Australian 
Province during the Eocene from southwest Western Australia along the west 
coast north to at least 2 7° present day south latitude; consequently the 
province is here renamed the Southern Australian Province. 

Keywords: siliceous fossils. Eocene, Kalbarri, molluscs, new' taxa, Carnarvon 
Basin, biogeography, Southern Australian Province. 


INTRODUCTION 

Eocene marine molluscan assemblages from 
coastal sedimentary basins in southern Australia 
have been reviewed recently by Darragh and 
Kendrick (2000, Table 1, Figure 1), with descriptions 
of new species and other records from the Bass, Port 
Phillip, Otway, Murray, St Vincent and Bremer 
Basins. In contrast, Eocene molluscs from the 
Carnarvon Basin (Giralia Calcarenite, Merlinleigh 
Sandstone) have received little attention and, to the 
time of writing, remain largely unknown. The 
recent discovery in the lower Murchison District 
near Kalbarri township of silicified, marine Eocene 
sediments (Haig and Mory 2003), containing a 
diversity of well-preserved molluscan material, 
presents an opportunity to extend the study of these 
groups, erstwhile essentially southern in 
distribution, westward and northward into the 
Southern Carnarvon Basin. 

The Kalbarri deposit, source of the present study 
material, was discovered by Mr David Barton of 
Kalbarri (see Material, below). Situated within the 
Kalbarri National Park, the locality lies some 19.5 
km ESE from Kalbarri townsite, striking south and 
west for about 2 km near junga Dam, south of the 
Ajana-Kalbarri road. A central map reference on 
the Kalbarri 1:100,000 topographic sheet (1742) is 
397260, at an elevation close to 220m above AHD. 


The source deposit, a pallid to ferruginous silicified 
sandstone, forms a weakly defined, low' breakaway 
trending N-S and sloping gently westward. Its 
lithology and stratigraphic relationships have been 
described by Haig and Mory (2003). 

Invertebrate marine fossils, predominantly 
sponges and invariably silicified, lie on the 
weathered surface of and downs!ope from the 
breakaway. Eocene fossils collected to date from 
this source comprise foraminifers, sponges, 
bryozoans, solitary corals, braehiopods, eehinoids 
and mollusc shells, the latter comprising a 
scaphopod, bivalves, gastropods and nautiloids. 
Further down slope occur fragments of pale, 
silicified poreellanite and belemnite guards 
(Peratobolus sp.), derived from the unconformably 
underlying Aptian Windalia Radiolarite (Haig and 
Mory 2003: 107). 

MATERIAL 

Three separate collections, all from the same 
source area, constitute the study material. 

1. Collection of Mr David Barton, acquired over the 
period 2000-2001 and presented to the Western 
Australian Museum in 2005. I he Barton 
Collection is registered in the Museum's catalogue 
numerical sequence 05.182 to 05.212 inclusive. 
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2. Collection of K.J., K.A. and J.P. McNamara and 
S.P. Radford, during April 2004 and bearing 
catalogue numerical sequence 04.206 to 04.240 
inclusive. 

3. Collection of T.A. Darragh and G.W. Kendrick, 
October 2005 and catalogue numerical sequence 
06.178-06.191, 07.1-07.30; also Museum Victoria 
numbers NMV P313978-P313989, P314038- 
314040. 

4. Nautiloids collected by D.W. Haig, School of 
Earth and Geographical Sciences, University of 
Western Australia, UWA 130880-1. 

The specimens for this study are lodged in the 
following institutions: Museum Victoria, 
Melbourne (NMV); University of Western 
Australia, Nedlands (UWA); Western Australian 
Museum, Perth (WAM). 

AGE AND CORRELATION 

Planktonic foraminiferal determinations presented 
by Haig and Mory (2003) have established an age for 
the Kalbarri deposit within the interval PI3-16 (P- 
zonation of Berggren and Miller 1988), Bartonian- 
Priabonian (= Johannian-Aldingan Australian 
Stages) of the Middle to Late Eocene. The absence of 
tropical and subtropical species of foraminifers 
suggests a cooling trend over this interval, 
comparable with that noted for southern Australian 
waters by McGowran et al. (2000). 

Mollusc species from the Kalbarri Eocene show 
substantial direct affinities with those of the Bremer 
and other coastal basins of southern Australia, the 
assemblage overall being essentially temperate in 
character, though including some possible tropical 
or subtropical elements. Thus, of the 51 mollusc 
species recognised below in the study material, 25 
are identical to or closely comparable with taxa 
from the southern Australian Eocene (Darragh and 
Kendrick 2000, Table 1). 

COMPARISON WITH THE MERLINLEIGH 
SANDSTONE 

The Middle to Late Eocene Merlinleigh Sandstone 
(Cockbain 1981) comprises thin (to 15m) erosional 
remnants of a transgressive, shallow water, near 
shore deposit, located along the western flank of 
the Kennedy Range, eastern Central Carnarvon 
Basin and some 350-400 km NNE from the Kalbarri 
deposit. The Merlinleigh Sandstone comprises 
mainly quartz sandstone with minor siltstone and 
conglomerate. Fossil material, invariably silicified, 
occurs as surface float below an erosion scarp and 
comprises foraminifera, colonial corals, bryozoans, 
hydrozoans, molluscs, fossil wood (some teredine- 
bored) and other terrestrial plant material (Condon 
1968, McNamara and Scott 1983, Haig and Mory 
2003). 


Other than the nautiloid Aturia clarkei Teichert 
(Teichert 1944), molluscs from the Merlinleigh 
Sandstone have thus far remained unrecorded. We 
here list (Table 2) provisional determinations of 
these from the collections of Museum Victoria and 
the Western Australian Museum, pending more 
detailed consideration in a future paper. None of 
these taxa seems to have affinity with those of the 
Eocene faunas of either southern Australia or 
Kalbarri. Haig et al. (1993) considered the 
Merlinleigh Sandstone and Giralia Calcarenite to be 
probably coeval and located within zones PIT - PI 3 
of the Middle Eocene and hence older than the 
present Kalbarri deposit. This, together with 
marked facies contrasts and latitudinal 
discrepancies are consistent with the substantial 
differences here noted between the Kalbarri and 
Merlinleigh mollusc assemblages. 

FAUNAL CONTRASTS AND DEPOSITIONAL 
ENVIRONMENTS 

Mollusca from the Merlinleigh Sandstone, 
compared with those from the Kalbarri Eocene, 
differ mostly in generic identity and also in being 
much larger and more robust. No species of the 
genus Periglypta Jukes-Brown, 1914 has been 
recorded from any Tertiary deposit in southern 
Australia nor is it present at Kalbarri. Corals from 
the two sources contrast strongly; those from 
Merlinleigh being colonial in character, common 
and robust whereas in the Kalbarri Eocene, corals 
are rare and to date are confined to specimens of 
the solitary, azooxanthellate genus Flabellum 
Lesson. Modern records of this genus from 
southern and Western Australia (Cairns and Parker 
1992, Cairns 1998) are associated with water depths 
usually in excess of 100m and indicate habitats of 
the middle to outer continental shelf and slope. 
Sponges, unknown from the Merlinleigh Sandstone, 
are common and conspicuous at Kalbarri, consistent 
with a deeper water, perhaps middle shelf 
environment of deposition, although the rolled and 
broken nature of all the fossils and the coarse 
sediment in which they are found may indicate that 
the material had been washed into shallower water. 

Post-mortem transportation of the study material 
is supported by the markedly disproportionate 
numerical representation of the various species. 
Thus Zeacolpus bartoni sp. nov. with 577 specimens 
and Cerithium wily a sp. nov. (53 specimens) 
contrast with 35 other species in the assemblage, 
represented by only one or two specimens. 

PALAEOGEOGRAPHY 

The Southeastern Australian Province supports a 
temperate marine mollusc fauna, hitherto 
recognised in Eocene time as extending along the 
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Table 1 Mollusc determinations in the study material from Eocene beds, Kalbarri. 

CEPHALOPODA 

1. Futrepbocenis sp. 

2. Aturia gi&rkei Teiehert 

RIVAL VIA 

3. San<pia pimniuscuLt 0 atm 

4. Limopsis cbapmam Singleton 

5. Tucetona lenticularis (Tate) 

6. Sol a men (Exosiperna) sp. aft. S.(F.) globular is (Tate) 

7. Vulsella sp. cf. V. laevigata Tate 

8. cf. Talochlamvs evrei (Tate) 

9. Pbcacesta ? sp. 

10. Chama sp. 

11. Epicodakia sp. 

12. Clyptoactis { Fascicnlicardia) sp. cf. G.(F.) latissima (Tate) 

13. Pratulum hemimeris (Tate) 

14. Dosina {Dosina ) multilamellata (Tate) 

15. cf. Fossacallista latei (Cossmann) 

16. Caryocorbula pixidata ( late) 

SCAPHOPODA 

17. Dentalinm (Fissidentalnnn) mawsoni Ludbrook 

(.ASTPOPOI ) \ 

18. Fmarginula sp. 

19. Micrelenchus (Plumbelenchus) armulatus Darragh & Kendrick 

20. Calliostoma sp. aft. C. (Fautor) numapuni Darragh & Kendrick 

21. Cerithium wilya sp. nov. 

22. Zeacolpnis bartoni sp. nov. 

23. Tenagodus sp. 

24. Xenophora sp. aft. X. tatei Harris 

25. Naticid sp. 

26. Euspirocrommium sp. 

27. Galeodea sp. 

28. Notoseila sp. 

29. Cerithiella sp. 

30. Cirsotrema sp. aft". C. pleiophylla Tate 

31. Margineulima sp. 

32. Turbine!ltd? sp. 

33. Murexsul sp. 

34. Brocchitas? sp. 

35. Dennantia aldingensis (Tate) 

36. Alcitboe (Waihaoia) pagodoides (Tate) 

37. Notovoluta capitonica Darragh 

38. Notopeplum protorhvsum (Tate) 

39. Lyria lamellatoplicata sp. nov. 

40. Gemmoliva sp, cf. G. adelaidae (Tate) 

41. Gradlispira sp. cf. G. iigata ( rate) 

42. Cochlespira sp. 

43. Parasyngenochilus sp. cf. P. angustior Long 

44. Gemmula? sp. 

45. Manidriliia sp, cf. M. aldingensis Powell 

46. Xlarginella sp. A 

47. Marginella sp. B 

48. Mitrid sp. A 

49. Mitrid sp. R 

50. ( < mgs? sp. 

51. Con orb is sp. 
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Table 2 Molluscs from the Merlinleigh Sandstone in 
the collections of Museum Victoria and the 
Western Australian Museum. 


Cephalopod 

1. Aturia clarkei Teichert 
Bivalves 

2. Cucullaea sp. 

3. Glycymeris sp. 

4. Spondylus sp. 

5. Chama sp. 

6. Glairs ? sp. 

7. Periglypta sp. 

8. Dosina (Hina) sp. 

9. Dosinia ( Austrodosinia ) sp. 

Gastropod 

10. Tugali? sp. 

11. Turbo sp. 


south coast of Australia from the Gippsland Basin 
in the east to the Bremer Basin in the west (Darragh 
1985, figure 3). The Austral Indo-Pacific Province, 
in essence an extension of the tropical Indo-Pacific 
Province, in Eocene time was thought to be 
confined to the Carnarvon Basin on the west coast 
of Australia. The results of the current work show 
this to be so, but in addition, that the Southeastern 
Australian Province extended at least to the 
southern part of the Southern Carnarvon Basin as 
far north as approximately present day 27° south 
latitude. The Province may have extended further 
north, but if so, any evidence for this has probably 
been removed by erosion. 

Of the molluscs present in the Kalbarri fauna, all 
genera are typically represented in the Southeastern 
Australian Province. All the bivalve and scaphopod 
genera are represented in the Eocene. Most of the 
gastropod genera are also known from the Eocene, 
with the exception of Zeacolpus and lyria, the 
taxon here referred as Turbinellid? sp. and possibly 
Notoseila and Cerithiella . Of the cephalopods, 
Aturia is represented in the Eocene, but in 
Australia, Eutrephoceras has hitherto only been 
recorded from the Paleocene and the Miocene. 

Inclusion of the Bremer and southern Carnarvon 
Basins in the Southeastern Australian Province 
makes the name of the province inappropriate. 
Consequently the province is renamed here the 
Southern Australian Province. 

SYSTEMATIC PALAEONTOLOGY 
Class Cephalopoda 
Family Nautilidae 
Genus Eutrephoceras Hyatt, 1894 

Eu trephoceras sp. 

Figures 1.14, 1.24, 1.25 


T.A. Darragh and G.W. Kendrick 

Nautiloid indet: Haig and Mory, 2003: figures 3 S, T. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 18 specimens 
(WAM 05.202); 10 specimens (NMV P313985); 1 
specimen (UWA 130881). Total 29 specimens. 

Description 

Shell broadly lenticular. Siphuncle small, situated 
close to venter and slightly offset to the right. 
Hyponomic sinus broad and shallow. Small 
umbilicus closed by callus, but visible on some 
specimens. Sculpture of fine, close-set equal spiral 
lirae visible on early whorls and beaded where 
crossed by growth lines. 

Dimensions 

Height Width 

WAM 05.202a 33 19 

WAM 05.202b 11 7.5 

Discussion 

All specimens are juveniles consisting of one or 
two whorls, with the possible exception of the 
largest specimen (figured), which seems to consist 
of two or possibly three whorls. Though poorly 
visible, the suture line appears to be straight. Most 
of the shells are infilled with silica and are 
transparent, but there is no sign of a siphuncle 
within the shell nor are there signs of chambers in 
the better preserved specimens, so no suture lines 
are visible. The sculpture preserved on some of the 
smaller specimens is very similar to that figured by 
Landman et al. (1983, figure 4a) on Eutrephoceras 
dekayi (Morton, 1834), Late Cretaceous, North 
America. 

Eutrephoceras species have been recorded from 
the Paleocene of Victoria by Teichert (1947) and by 
McGowran (1959) from the Early and Middle 
Miocene of South Australia and from the Middle 
Miocene of Victoria. If the genus is correctly 
identified, this is the first record from the Eocene of 
Australia. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Family Aturiidae 
Genus Aturia Bronn, 1838 

Aturia clarkei Teichert, 1944 

Figures 1.18,1.19 

Aturia clarkei Teichert, 1944: 79, plate 15, figures 1- 
4; plate 16, figures 1, 2; text figure 2. 

Aturia sp. Haig and Mory 2003: figures 3, Q, R. 
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Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(UWA 130880). 

Description 

Shell slightly flattened, but flanks originally 
slightly convex, of small size; no umbilicus; venter 
broadly rounded; growth lines not visible. 
Siphuncie large, partly obscured by matrix. 

Dimensions 

Height Width 

UWA 130880 31.8 13.3 

Discussion 

The saddle of the suture on the Kalbarri specimen 
seems rounded, rather than slightly flattened, as in 
specimens of Aturia clarkei from the type locality 
near the Merlinleigh homestead site in the Kennedy 
Range. This slight difference could be a result of 
difficulty in tracing accurately the suture on this 
particular specimen, or perhaps because of some 
intra-specific or ontogenic variation, the Kennedy 
Range specimens being much larger (40 - > 100mm). 

Occurrence 

Otway Basin: Clifton Formation, reworked 
specimens. St Vincent Basin: Tortachilla 
Limestone. Bremer Basin: Pallinup Formation. 
Southern Carnarvon Basin: Merlinleigh Sandstone 
(type); unnamed sandstone, Middle-Late Eocene. 


Class Bivalvia 
Family Sareptidae 
Genus Sarepta A. Adams, 1860 

Sarepta planiuscula (Tate, 1886) 

Figure 1.4 

Leda planiuscula Tate, 1886: 130, plate 5, figure 2. 

Ovaleda planiuscula (Tate): Ludbrook 1961: 61, 
plate 3, figures 3, 4. 

Sarepta planiuscula (Tate): Darragh and Kendrick 
2000:18, 22, figure 21. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: conjoined valves 
(WAM 06.179); 1 fragment (NMV P313980). 

Description 

The better of the two Kalbarri specimens is a small, 
roundly subquadrate, conjoined pair, of which the 
left valve is substantially intact, right valve 
somewhat corroded and pitted. Slightly produced 


and rounded posteriorly, umbo weakly inflated, 
beaks slightly projecting and anterior of centre. 
Sculpture (I V) of faint, com marginal growth striae, 
scarcely discernible on umbo. Internal characters and 
those of dorsal margin concealed (described by 
Ludbrook 1961 from the type material). 

Dimensions 

Length Height Inflation 
WAM 06.179 (pair) 5.4 4.1 2.3 

Discussion 

The present specimens compare well with others 
from the Pallinup Formation and from the type 
locality. The species combines a wide distribution 
with rarity in collections. 

Occurrence 

Otway Basin: Glen Aire Clay, Oligocene. St 
Vincent Basin: "Adelaide Bore", Kent Town (type), 
Blanche Point Formation, Late Eocene. Bremer 
Basin: North Walpole, Pallinup Formation, Late 
Eocene. Southern Carnarvon Basin: unnamed 
sandstone, Middle-Late Eocene. 

Family Limopsidae 
Genus Limopsis Sassi, 1827 

Limopsis chapmani Singleton, 1932 

Figure 1.21 

Limopsis chapmani Singleton, 1932: 296-299, plate 
24, figures 12-14, plate 25, figure 16. 

Limopsis ( Limopsis ) chapmani (Singleton): Darragh 
and Kendrick, 1980: 13, figures 2 O-R; Darragh 
and Kendrick 2000: 24. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: conjoined valves 
(WAM 06.181). 

Description 

Conjoined valves, small for the species, RV 
somewhat corroded dorsally, LV substantially 
intact; obliquely sub-ovate, slightly produced 
posteriorly, umbones slightly prosogyrate, beaks 
slightly projecting, dorsal margin partly obscured, 
probably straight and less than half shell length. 
Sculpture of weak, spaced, com marginal striae. 

Dimensions 

Length Height Inflation 
WAM 06.181 4.6 5.0 2.7 

Remarks 

The Kalbarri specimen, probably a juvenile, 
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compares closely with conspecific material from 
Browns Creek and also North Walpole, where it 
occurs commonly and occasionally as a conjoined 
pair (Darragh and Kendrick 1980). Its abundance at 
the latter locality contrasts markedly with its rarity 
at Kalbarri. 

Occurrence 

Port Phillip Basin: Jan Juc Formation (type). Late 
Oligocene-Early Miocene. Otway Basin: Lower and 
upper Browns Creek Formation, Late Eocene. Lower 
Glen Aire Clay, Early Oligocene. St Vincent Basin: 
Blanche Point Formation, Late Eocene. Bremer 
Basin: Werillup Formation, Middle Eocene. Pallinup 
Formation, Late Eocene. Southern Carnarvon Basin: 
unnamed sandstone, Middle-Late Eocene. 

Family Glycymeridae 
Genus Tucetona Iredale, 1931 

Tucetona lenticularis (Tate, 1886) 

Figures 1.8,1.12 

Pectunculus lenticularis Tate, 1886: 138, plate 11, 
figure 1. 

Tucetona lenticularis (Tate): Darragh and Kendrick 
2000: 24, figure 2J. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 2 specimens 
(WAM 04.206); 1 specimen (WAM 06.180); 2 
specimens (NMV P313981). Total of four complete 
valves and one fragment. 

Description 

Single valves, all juveniles, some fragmentary. 
Orbicular, slightly longer than high, compressed, 
umbones low, orthogyrate, beaks small, located 
slightly posterior of centre, ligamental area narrow, 
costae numbering (present material) 21-26, about 
equal to interspaces, margins abraded, adductor 
scars not sighted. 


Dimensions 

Length Height Inflation 
WAM 04.206 (RV) 6.3 5.9 1.7 

Remarks 

The limited material to hand from Kalbarri, from 
rib counts and other general characters, compares 
well with specimens of similar size from both 
Browns Creek and Pallinup Formations (WAM 
05.29). Valve orientation of juveniles of this species 
requires care and preferably from access to the 
adductor muscle scars (Ludbrook 1965: 93). The 
specimen figured herein appears to be a RV, 
assuming that the beak is located slightly posterior 
of centre. Adult valves of this species may attain a 
length of up to 37mm. 

Occurrence 

Otway Basin: Browns Creek Formation, Late 
Eocene. Lower Glen Aire Clay, Early Oligocene. St 
Vincent Basin: South Maslin Sand, Middle Eocene. 
Blanche Point Formation (type). Late Eocene. 
Bremer Basin: Werrilup Formation, Middle Eocene. 
Pallinup Formation, Late Eocene. Southern 
Carnarvon Basin: unnamed sandstone, Middle-Late 
Eocene. 


Family Mytilidae 

Genus Solamen Iredale, 1924 

Subgenus Exosiperna Iredale, 1929 

Solamen (Exosiperna ) sp. aff. globularis (Tate, 
1886) 

Figures 1.1,1.6 

Crenella globularis Tate, 1886: 126, plate 10, figure 
3a, b. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 right valve 
(WAM 06.182). 


^ Figure 1 Solamen (Exosiperna) sp. aff. S. (E.) globularis (Tate), 1, 6 WAM 06.182, RV x 8. Chama sp., 2, 3 WAM 06.187, 
RV external, internal x 3.7. Sarepta planiuscula (Tate), 4 WAM 06.179, LV x 5.0. Glyptoactis (Fasciculicardia) 
sp. cf. G. (F.) latissima (Tate), 5 WAM 06.188, LV x 4.4. cf. Fossacallista tatei (Cossmann), 7 WAM 06.189, LV 
x 3.0. Tucetona lenticularis (Tate), 8,12 WAM 04.206, RV x 4.8. Caryocorbula pixidata (Tate), 9 WAM 06.190, 
LV internal x 3.9; 13 WAM 06.190, LV external x 3.9; 17 WAM 05.183 RV external x 3.9. Plicacesta ? sp., 10 
WAM 05.202, LV x 3.8. Vulsella sp. cf. V. laevigata Tate, 11 WAM 06.183, LV x 3.7. Eutrephoceras sp., 14 
WAM 05.202b x 4.2; 24, 25 WAM 05.202a x 1.5. Pratulum hemimeris (Tate), 15 WAM 04.208, LV x 3.0. Dosina 
(Dosina) multilamellata (Tate), 16 WAM 04.209, LV x 5.7. Aturia clarkei Teichert, 18, 19 UWA 130880 x 1.7 
(18), x 1.6 (19). Epicodakia sp., 20 WAM 05.182, RV x 4.0. Limopsis chapmani Singleton, 21 WAM 06.181, LV 
x 6.6. cf. Talochlamys eyrei (Tate), 22 WAM 06.184, RV x 2.8; 23 WAM 06.185, RV? x 2.6; 26 WAM 06.185, 
RV? x 9.6. 
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Description 

Small, higher than long, inflated, beak incurved, 
slightly anterior of centre. Sculpture mostly 
obscured by secondary silica but some very faint 
commarginal and finer, radial sculpture discemable 
in part. 

Dimensions 

Length Height Inflation 
WAM 06.182 . 2.9 3.7 2.7 

Remarks 

The discovery of what may prove to be Tate's 
rather uncommon species at Kalbarri, hitherto 
known only from the Late Eocene of the St Vincent 
Basin, suggests a possible substantial extension of 
range for the species. The Kalbarri specimen is 
about half the size of Tate's type and is in part 
decorticated and also overlain by secondary silica; 
however traces of light, cancellate sculpture are 
discernible. 

Occurrence 

St Vincent Basin: Blanche Point Formation, Late 
Eocene (type). Southern Carnarvon Basin: 
unnamed sandstone, Middle-Late Eocene. 


Family Malleidae 

Genus Vulsella Roding, 1798 

Vulsella sp. cf. V.laevigata Tate, 1886 
Figure 1.11 

Vulsella laevigata Tate, 1886:122, plate 3, figure 3a, 
b; Darragh and Kendrick 1980:15, figures 3D-H. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 left valve 
(WAM 06.183). 

Description 

Higher than long, moderately inflated, umbo 
elevated, beak projecting, opisthogyrate, margin 
posteriorly excavate below beak, slightly convex 
anteriorly. Sculpture part-corroded, part-obscured 
but some weak, spaced, commarginal costae visible. 
Internal characters obscured. 

Dimensions 

Length Height Inflation 
WAM 06.183, LV 8.0 (est.) 9.5 

Remarks 

The single valve to hand from Kalbarri appears to 
be of greater length relative to height than examples 
of Tate's species from the Pallinup Formation of 


North Walpole and has a thicker shell than any 
known specimen from there. These apparent 
differences and their significance, if any, need to be 
clarified by the collection of further material from 
the present locality. 

Occurrence 

St Vincent Basin: Glauconitic limestone at the 
base of Witton Bluff, near mouth of the River 
Onkaparinga, South Australia. Tortachilla 
Limestone, Late. Eocene (type). Bremer Basin: 
Pallinup Formation, Late Eocene. Southern 
Carnarvon Basin: unnamed sandstone, Middle-Late 
Eocene. 


Family Pectinidae 

Genus Talochlamys Iredale, 1929 

cf. Talochlamys eyrei (Tate, 1886) 

Figures 1.22,1.23,1.26 

Pecten eyrei Tate, 1886:107, plate 8, figures 3a, b, 6. 

Talochlamys eyrei (Tate): Beu and Darragh 2001: 
101-106, figures 31B, C, E, G, I; 32G; 33A-E; 
34A-G. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 right valve, 
fragment (WAM 06.184); 1 right valve?, fragment 
(WAM 06.185). Total of two specimens. 

Description 

Two fragmentary, immature specimens are 
consistent with and probably referable to Tate's 
species. The better of the two retains portion of the 
anterior auricle and byssal notch. Shagreen 
sculpture is well developed on each but neither 
shows any trace of commarginal sculpture on the 
costae or elsewhere. So far as can be observed, the 
sculpture of these specimens corresponds to that of 
the perord form of T.eyrei (Beu and Darragh 2001). 

Dimensions 

Length Height Inflation 
WAM 06.184 ca 14 

Remarks 

The genus and its fossil component from the 
Tertiary of southern Australia have been reviewed 
by Beu and Darragh (2001), with most occurrences 
from Victorian and South Australian sources. 
Additional to these are a few records from the Eucla 
(Eocene-Miocene) and Bremer (Eocene) Basins. 

Talochlamys eyrei is a common and widely 
distributed species from the Aldingan to 
Longfordian variously in the St Vincent, Murray 
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and Otway Basins. Confirmed records for the 
species from Western Australia are few and to date 
are confined to the Wilson Bluff and Abrakurrie 
Limestones of the Eucla Basin. 

Two species of Talochlamys, approximately 
coeval with but distinct from the study material, are 
recorded from the Pallinup Formation of the 
Bremer Basin (Beu and Darragh 2001). Specimens 
are few and of inferior preservation. Clarification of 
their identities is subject to the collection of further, 
well-preserved material. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Limidae 

Genus Plicacesta Vokes, 1963 

Plicacesta ? sp. 

Figure 1.10 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: conjoined valves 
(WAM 06.186). 

Description 

Conjoined equal valves, obliquely sub-orbicular, 
slightly inflated, extended anteriorly. Posterior 
auricles very small, antero-dorsal area somewhat 
corroded, anterior gape obscured. Sculpture of 20 
radial costae, about as wide as interspaces, the 
anterior seven and posterior eight narrower than 
median five and with weakly angulate divergent 
crests. Costae and interspaces bear low, crowded, 
commarginal lamellae. Ventral margin crenulate. 
Internal characters not seen. 

Dimensions 

Length Height Inflation 
WAM 06.186 8.9 8.5 4.7 

Remarks 

Unlike any known fossil taxon from southern 
and south eastern Australia, the specimen is 
assigned provisionally to Plicacesta with regard to 
the broader ribs on the median area of each valve. 
Compared with Plicacesta smithi (G.B. Sowerby, 
1888), type species of Plicacesta , from the Recent 
of Japan, the present species has fewer, more 
spaced ribs, smaller posterior auricles and lesser 
size. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Chamidae 
Genus Chama Linnaeus, 1758 

Chama sp. 

Figures 1.2,1.3 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 right valve 
(WAM 06.187). 

Description 

A small, probably immature and transposed 
tumid RV, umbo strongly prosocline, beak 
incurved. Sculpture of about 14 thin, irregular, 
spaced commarginal lamellae with faint traces of 
radial sculpture forming a frill on the edge of the 
lamellae. Hinge corroded, with traces of poorly 
preserved cardinals and possible laterals. No lunule 
or escutcheon apparent. Groove present on umbo, 
extending onto disc - a possible attachment area. 
Exterior partly corroded, interior obscured by 
matrix. 

Dimensions 

Length Height Inflation 
WAM 06.187 7.9 8.2 5.5 

Remarks 

Chama shells are markedly inequivalve and 
usually attach to firm substrates by cementation of 
part of the cup-shaped LV. In this "normal" form, 
the RV is more-or-less flattened and discoidal. 
Sculpture of the valves is irregularly discrepant, 
with commarginal elements predominant. 

Recent studies (e.g., Matsukuma 1996, 
Matsukuma et al. 1997) have reported instances of 
both "normal" and transposed or "inverse" forms 
of shell within a single species of the genus. In the 
latter case, valve transposition affecting shell and/or 
hinge occurs with attachment by the RV. Though 
poorly preserved, the present specimen from 
Kalbarri retains probable remnants of a juvenile, 
pre-settlement form of dentition, such as that noted 
by Matsukuma (1996: 24). However, in a discussion 
on the synonymy of the genus Chama and the 
significance of valve transposition, Beu (2006: 215- 
221) concluded that valve cementation was of little, 
if any taxonomic significance. 

Chama lamellifera Tenison Woods, 1877 represents 
the genus from the Late Eocene to Middle Miocene 
of south-eastern Australia (Harris 1897, Darragh 
1985). Examination of all specimens of that species in 
the collections of Museum Victoria and Western 
Australian Museum has found no example of valve 
transposition. Clarification of the relationship of that 
species to the Kalbarri specimen is deferred until 
further, better preserved material eventuates. 
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A species of Chama, clearly distinct from C. 
lamellifera, is represented in collections (Table 2) 
from the Middle-Late Eocene Merlinleigh 
Sandstone of the eastern Central Carnarvon Basin. 
These large, robust shells, unlike the single Kalbarri 
Chama , all have "normal" hinge and valve- 
attachment orientation. The relationship of the two 
populations remains to be clarified, subject to the 
collection of further material from Kalbarri. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Lucinidae 
Genus Epicodakia Iredale, 1930 

Epicodakia sp. 

Figure 1.20 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: fragmentary 
right valve (WAM 04.207); conjoined valves (WAM 
05.182); conjoined valves (NMV P313982). Total of 
two pairs of valves and one fragmentary right 
valve. 

Description 

The bivalve is transversely sub-elliptical, 
extended anteriorly, a little inflated, umbones 
orthogyrate, beaks proximate and located posterior 
of centre. Antero-dorsal area excavate, ligament 
externally visible. Sculpture of radial and 
commarginal elements, absent from the beaks. Fine, 
close radials cover the disc, stronger and slightly 
antimarginal on flanks, fading dorsally. Very fine, 
close commarginals extend across the disc. 
Fragmentary RV 04.207 retains hinge, comprising a 
small, thin, anterior cardinal (3a), a strong, grooved 
posterior cardinal (3b) and prominent, single 
laterals (AIII and Pill), both remote from cardinals. 

Dimensions 

Length Height Inflation 
WAM 05.182 10.4 8.7 5.0 

Remarks 

The Kalbarri specimens are not unlike the Recent 
type species of the genus, Epicodakia tatei (Angas, 
1879), differing in its slightly greater anterior 
extension and finer, more dense sculpture, both 
radial and commarginal. Comparison with a 
congenor from the Pallinup Formation at North 
Walpole (Darragh and Kendrick 1980) shows the 
Kalbarri specimen to have greater anterior 
extension and more crowded, persistent sculpture. 


Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Carditidae 

Genus Glyptoactis Stewart, 1930 

Subgenus Fasciculicardia Maxwell, 1969 

Glyptoactis (Fasciculicardia ) sp. cf. G. (F.) 
latissima (Tate, 1886) 

Figure 1.5 

Cardita latissima Tate, 1886:153, plate 2, figure 5. 

Cardium arcaeformis Chapman and Crespin, 1934: 
121, plate 11, figures 25-27. 

Venericardia (Fasciculicardia) latissima (Tate): 
Maxwell 1969:173-4. 

Gians latissima (Tate): Ludbrook 1973: 247, plate 24, 
figures 11,12. 

Gians ( Fasciculicardia ) latissima (Tate): Darragh 
and Kendrick 1980:17, figures 4G-L. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 fragmentary 
left valve (WAM 06.188). 

Description 

About 24 radial costellae, about as wide as or 
narrower than the interspaces, are visible on this 
incomplete LV. Ribs bear transverse scales on 
crests, more prominent on anterior and posterior 
areas. 

Dimensions 

The size of the specimen cannot be measured but 
the estimated length is 6.5mm. 

Remarks 

As far as can be seen, the sculpture of this 
specimen compares well with others of Tate's 
species from Brown's Creek, Aldinga and North 
Walpole. 

Ranking Fasciculicardia as a sub genus of 
Glyptoactis follows the conclusions of Maxwell (in 
Beu and Maxwell 1990: 102) and Beu (2006: 224), 
recognising a close relationship between the two. 

Occurrence 

Otway Basin: Lower and Upper Browns Creek 
Formation, Late Eocene. St Vincent Basin: Blanche 
Point Formation, Late Eocene (type). Bremer Basin: 
Pallinup Formation, Late Eocene. Southern 
Carnarvon Basin: unnamed sandstone, Middle-Late 
Eocene. 
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Family Cardiidae 

Genus Pratulum Ire dale, 1924 

Pratulum hemimeris (Tate, 1887) 

Figure 1.15 

Cardium hemimeris Tate, 1887:153, platel4, figures 
2a~c. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 conjoined pair 
(WAM 04.208). 

Description 

Small, conjoined valves, inflated, about as high as 
long, with prominent, raised median umbones and 
incurved beaks. Sculpture of very fine, close, 
simple, radial costellae extending over about the 
anterior 60% of shell. Posteriorly, costellae and 
interspaces widen, with weak transverse scales 
extending anteriorly from each radial across the 
adjacent (anterior) interspace. Sculpture appears to 
be worn, with or without some imperfection in the 
silica replication of the original aragonitic shell. 

Dimensions 

Length Height Inflation 
WAM 04.208 12.4 12.7 9.9 

Remarks 

The single specimen to hand from Kalbarri, of this 
uncommon species, compares well in size and 
morphology with others from the Blanche Point 
Formation at Aldinga, South Australia. Three small 
silicified shell fragments (WAM 83.2605) from the 
Pallinup Formation at North Walpole, bear cardiid- 
type sculpture not unlike that of the present species, 
suggesting a possible presence at that much- 
collected locality. 

Occurrence 

Otway Basin: Browns Creek Formation, Late 
Eocene. St Vincent Basin: Blanche Point Formation, 
Late Eocene (type). Bremer Basin: Pallinup 
Formation,?, Late Eocene, Southern Carnarvon 
Basin: unnamed sandstone, Middle-Late Eocene. 


Family Veneridae 

Genus Dosina Gray, 1835 

Subgenus Dosina s.str. 

Dosina (Dosina) multilamellata (Tate, 1887) 
Figure 1.16 

Chione multilamellata Tate, 1887:154,155, plate 15, 
figures 6a, b. 


Dosina (Dosina) multitaeniata (Tate): Ludbrook, 
1973: plate 24, figures 18, 19 (invalid 
replacement name for multilamellata). 

Dosina (Dosina) multilamellata (Tate): Darragh and 
Kendrick 1980:19. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: conjoined valves 
(WAM 04.209); 1 fragment (NMV P313983). 

Description 

Small, transversely ovate, inflated, with low 
umbones and prosogyrate beaks. Lunule shallow, 
broad, bordered by incised line, escutcheon 
elongate, weakly defined. Sculpture of thin, spaced, 
commarginal costellae, ca 17 in height of 5.3mm, 
beaks smooth. 

Dimensions 

Length Height Inflation 
WAM 04.209 (pair) 6.2 5.3 3.8 

Remarks 

The confused taxonomy of Tate's species has been 
discussed by Darragh and Kendrick (1980). The 
present single, well-preserved specimen from 
Kalbarri closely resembles others of similar size 
from the Blanche Point Formation at Aldinga. 

Occurrence 

Bass Basin: Freestone Cove Sandstone, Early 
Miocene. Port Phillip Basin: Jan Juc Formation, 
Late Oligocene-Early Miocene. Otway Basin: 
Upper Browns Creek Formation, Late Eocene. St 
Vincent Basin: Blanche Point Formation, Late 
Eocene (type). Bremer Basin: Pallinup Formation, 
Late Eocene. Southern Carnarvon Basin: unnamed 
sandstone, Middle-Late Eocene. 

Genus Fossacallista Marwick, 1938 

cf. Fossacallista tatei (Cossmann, 1920) 
Figure 1.7 

Cytherea tenuis Tate, 1886: 159, plate 14, figure 16 
(junior homonym), non Hall and Meek, 1854. 

Cytherea tatei Cossmann, 1920: 37. nom. nov. for C. 
tenuis Tate, non Hall and Meek, 1854. 

Notocallista (Fossacallista) tatei (Cossman): 
Marwick 1938: 77, plate 14, figures 1-3; 
Ludbrook, 1973: plate 24, figure 13. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: conjoined valves 
(WAM 06.189). 
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Description 

Conjoined valves, of which RV is deformed by 
compaction and somewhat corroded, LV corroded 
anteriorly and dorsally, otherwise intact. Length 
exceeds height, anteriorly short, posteriorly 
extended, umbo (LV) low, beaks prosogyrate. 
Sculpture of fine, close-set, incised commarginal 
lines, lunule excavate, small. 

Dimensions 

Length Height Inflation 
WAM 06.189 11.3 9.1 4.3 

(deformed pair) 

Remarks 

The present specimen is very close to others from 
the Blanche Point Formation in the Kent Town 
(Adelaide) bore. South Australia, the type locality. 

Occurrence 

Otway Basin: Browns Creek Formation, Late 
Eocene, Glen Aire Clay, Early Oligocene. Jan-Juc 
Formation, Late Oligocene-Early Miocene. St 
Vincent Basin: Blanche Point Formation, Late 
Eocene (type). Southern Carnarvon Basin: 
unnamed sandstone, Middle-Late Eocene. 

Family Corbulidae 

Genus Caryocorbula Gardner, 1926 

Caryocorbula pixidata (Tate, 1887) 

Figures 1.9,1.13,1.17 

Corbula pixidata Tate, 1887: 177, plate 17, figures 
12a, b. 

Corbula (Caryocorbula) pixidata (Tate): Darragh 
and Kendrick 1980:19, figures 5D-H. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: conjoined pair 
(WAM 05.183); 1 left valve (WAM 06.190); 
conjoined pair (NMV P313984). 

Description 

Small, longer than high, inequivalve, LV the more 
inflated, umbones and beaks prosogyrate, beaks at 
anterior third, anteriorly rounded, short, posteriorly 
extended, truncate, posterior area offset by well- 
defined angulation. Chondrophore (LV) large. 

Dimensions 

Length Height Inflation 
WAM 05.183 (pair) 9.4 6.4 4.4 

WAM 06.190 (LV) 8.4 6.0 2.4 

Remarks 

Kalbarri specimens compare closely with 


T.A. Darragh and G.W. Kendrick 

topotypes of Tate's species from the Blanche Point 
Formation at Aldinga, South Australia. 

Occurrence 

Otway Basin: Lower and upper Browns Creek 
Formation, Late Eocene. Lower Glen Aire Clay, 
Early Oligocene. St Vincent Basin: Blanche Point 
Formation (type). Late Eocene. Bremer Basin: 
Pallinup Formation, Late Eocene. Southern 
Carnarvon Basin: unnamed sandstone, Middle-Late 
Eocene. 


Class Scaphopoda 

Family Dentaliidae 

Genus Dentalium Linnaeus, 1758 

Subgenus Fissidentalium Fischer, 1885 

Dentalium (Fissidentalium) mawsoni Ludbrook, 
1956 

Figures 2.1, 2.2 

Dentalium (Fissidentalium) mawsoni Ludbrook, 
1956: 2, 3, plate 1, figures 5, 6. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 3 specimens 
(WAM 04.227); 2 specimens (WAM 05.201); 15 
specimens (WAM 06.178); 13 specimens (NMV 
P313978); 3 specimens (WAM P313979). Total of 36 
specimens. 

Description 

Medium sized, robust, circular to slightly oval in 
cross-section, almost straight, curvature slight, 
where visible, tending toward apex. Ribs fine to 
very fine, of irregular size and spacing, numbering 
ca 30 (apex) to ca 50 (aperture), increasing by 
intercalation. No specimen in the study material is 
intact, none retaining either apical slit or aperture. 

Dimensions 

Length Max. diameter 
WAM 05.201a 27 5.0 

WAM 05.201b 18 3.5 

Remarks 

This is one of the more common, widely 
distributed and long-ranging dentaliid species from 
the Tertiary of southern Australia, here extended 
into the later Eocene of the southern Carnarvon 
Basin. Kalbarri specimens have been compared with 
topotypes from the Middle Miocene Cadell Marl 
(Murray Basin) and with Late Eocene material from 
the Browns Creek Formation (Otway Basin) and are 
closely comparable. 
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Occurrence 

Otway Basin: Browns Creek Formation, Late 
Eocene. Glen Aire Clav, Oligocene. Jan Juc 
Formation, Oligo-Miocene. Puebla Formation, Early 
Miocene. Muddy Creek Formation, Middle Miocene. 
Fyansford Formation, Early-Middle Miocene. Bass 
Basin: Freestone Cove Sandstone, Early Miocene. 
Murray Basin: Cad ell Marl Member, Morgan 
Limestone, Middle Miocene (type). St Vincent 
Basin: Blanche Point Formation, Late Eocene. Dry 
Creek Sands, Late Miocene. Bremer Basin: Pallinup 
Formation, Late Eocene. Southern Carnarvon Basin: 
unnamed sandstone, Middle-Late Eocene. 

Class Gastropoda 
Family Fissurellidae 
Genus Emarginula Lamarck, 1801 

Emarginula sp. 

Figures 2.1, 2.2, 2.6 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 04.210). 

Description 

Small, probably immature, longer than wide, 
width and height about equal, margin mostly 
abraded, in particular on right posterior flank. Apex 
acute, strongly incurved, close to posterior extremity. 
Selenizone infilled by raised, tuberculate, median rib, 
slit absent due to abrasion. Radial ribs ten or eleven, 
alternating in width and prominence, some very fine, 
the larger generating tubercles at intersections with 
fine, near-lamellate concentric ribs. Interior obscured. 

Dimensions 

Length Width Height 
WAM 04.210 5.0 2.8 2.7 

Remarks 

The genus appears to be widespread but sparsely 
represented in the later Eocene of southern 
Australia. A species of Emarginula, very similar to 
that from Kalbarri, is known from a single specimen 
(NMV P302258) from the Browns Creek Formation. 
Fragments attributed to Emarginula from the 
Plantagenet Group of the Bremer Basin (Darragh 
and Kendrick 2000: 30, 31, figures 4, K, M) appear 
to be specifically distinct from the present species. 
The margins of the Kalbarri specimen appear to 
have sustained crab damage. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Trochidae 

Genus Micrelenchus Finlay, 1926 

Subgenus Plumbelenchus Finlay, 1926 

Micrelenchus (Plumbelenchus) armulatus 
Darragh and Kendrick, 2000 

Figure 2.3 

Micrelenchus (Plumbelenchus) armulatus Darragh 
and Kendrick 2000: 46, figures 6J, K 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 04.212). 

Description 

Small, turbiniform, height and diameter about 
equal, whorls shouldered with distinct subsutural 
shelf, sculpture of light spiral striae. 

Dimensions 

Height Max. diameter No. whorls 
WAM 04.212 4.2 4.5 ca 4.5 

Remarks 

Minor variation in the whorl profile and in the 
strength and persistence of the sculpture was noted 
in the type material (Darragh and Kendrick 2000) 
and the Kalbarri specimen generally compares well 
with topotypes. In the latter, shell height 
consistently exceeds maximum diameter, possibly 
due to the greater size of the North Walpole 
specimens. Crab damage is evident on the aperture 
of the present specimen. 

Occurrence 

St Vincent Basin: Blanche Point Formation. 
Bremer Basin: Pallinup Formation (type). Southern 
Carnarvon Basin: unnamed sandstone, Middle-Late 
Eocene. 


Genus Calliostoma Swainson, 1840 

Subgenus Fautor Iredale, 1924 

Calliostoma (Fautor) sp. aff. numapum Darragh 
and Kendrick, 2000 

Figure 2.14 

Calliostoma (Fautor) numapum Darragh and 
Kendrick, 2000: 48, figure 7A 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 04.211). 






230 


T.A. Darragh and G.W. Kendrick 




21 


22 


23 






Eocene molluscs, Kalbarri 


231 


Description 

Small, juvenile, trochiform, higher than wide, 
spire angle 46°, lacking apical extremity, part of 
aperture and columella; whorls six, the last 
incomplete, initially slightly convex, becoming 
flattened with growth; sutures slightly channelled; 
sculpture of six narrow spiral threads per whorl, 
the basal two (i.e. above suture) rather more 
granose than others; two apical whorls show more 
radially aligned granulation than subsequently; 
basal sculpture of fine, close spiral threads. 

Dimensions 

Height Max. diameter No. whorls 
WAM 04.211 4.5 3.3 ca 6 

Remarks 

The single juvenile specimen to hand, lacking the 
full range of adult characters, nevertheless recalls 
Calliostoma (Fautor) numapum Darragh and 
Kendrick from the Pallinup Formation (Darragh 
and Kendrick 2000), to which it is clearly related. In 
comparison, the present species has a more acute 
spire and, as far as can be observed, a more 
granu 1 a te mi cro-scu 1 pture. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Family Cerithiidae 
Genus Cerithium Bruguiere, 1789 
Type species 

Cerithium adansonii Bruguiere, 1792, by 
subsequent designation of Melville (1978, ICZN 
Opinion 1109) = Cerithium ery thru eon ense 
Lamarck, 1822 = Cerithium nodulosum. Bruguiere, 
1792 (= senior synonym, Houbrick, 1992). 

Cerithium wily a sp. nov. 

Figures 3.28, 3.29, 3.30, 3.31 

Material examined 

Hole type 

Australia: Western Australia: Kalbarri National 


Park, 19.5 km ESF. of Kalbarri; ca. 1 km W of Junga 
Dam, surface float downslope and west of low- 
ridge, map reference Kalbarri (1:100,000 series) 
397260, 14-17 October 2005, T.A. Darragh and G.W. 
Kendrick (WAM 07.1). 

Pnrn types 

Australia: Western Australia: 2 specimens, 
collected with holotype (WAM 04.218a, 07.2); 1 
specimen, collected with holotype (NMV P313970). 

Other material examined 
Australia: Western Australia: all collected with 
holotype: 14 specimens (WAM 04.218); 5 specimens 
(WAM 05.189); 34 specimens (WAM 07.3); 36 
specimens (NMV P313971). Total of 89 specimens. 

Description 

Small for genus, possibly immature; spire 
narrowly acuminate, subtending angle of 22°-25°; 
whorls of moderate convexity with well-defined 
sutures; whorls bear persistent varices, ten visible 
in about eight whorls. Sculpture of narrow, 
intervariceal radials, numbering seven to twelve 
between varices and overlain by up to 13 (on last 
whorl) narrow spirals of uneven spacing and 
prominence, of which the adapical seven are nodose 
at the rib intersections; spirals continuous over 
varices. Aperture invariably broken (crab 
predation), lacking anal canal; columella rounded, 
the margin (where retained) forming callus 
bordering parietal area; remnants of anterior 
siphonal canal occasionally retained (paratype 
04.218a). 

Dimensions 

Height 

WAM 07.1 15.7 

holotype 

WAM 07.2 14.2 

paratype 

WAM 04,218a 17.8 
paratype 

NMV 1 ’313970 16.9 
paratype 

These are actual shell measurements and counts. 
All are diminished due to loss of apices and 
damage to apertures (refer figures). 


Max. diameter 

No. who 

6.2 

9 

5.0 

8.3 

5.3 

ca 11 

6.6 

9 


Figure 2 tmarginula sp., 1, 2, 6 WAM 04.210 all x 9.0. Micreienchus (Plumbelenchus) armulatus Darragh and 
Kendrick, 3 WAM 04.212 x 7.7. Naticid Sp., 4, 5 WAM 04.219 x 7.0. Murexsul sp., 7, 8 WAM 07.13 x 3.8. 
Dennantia aldingensis (Tate), 9 WAM 04.223 x 3.0; 10 WAM 05.192 x 2.8. Tenagodus sp., 11 WAM 05.191a x 
2.4; 15 WAM 07.9 x 4.3. Xenophora sp. eh V- tatei Harris, 12, 33 WAM 05.200a x 2.5. Calliostoma (Fautor ) sp. 
aft. C(F.) numapum Darragh and Kendrick, 14 WAM 004.211 x 8.0. Euspirocrommium sp., 16 WAM 05.185 x 
3.0, lurhinellid? sp., 17, 18 WAM 07.133 x 1.0. Lyria lamellatoplicata sp. nov., 19, 20 WAM 07.1 s x 2.8, 
holotype. Alcithoe (Waihaoia) pagodoides (Tate), 21 WAM. 07.16 x 2.0. Conus? sp., 22 WAM 05.199 x 3.0. 
Galeodea sp., 23 WAM 07.f 1x1.8. 
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Remarks 

In form and sculpture, though not size, the 
present species somewhat recalls Cerithium torresi 
E.A. Smith, 1884, an extant species, without known 
fossil record, from the Indo-SW Pacific (Houbrick 
1992: 185-189, figures 135-137). Species somewhat 
resembling this taxon, are recorded under the 
generic name Ptychocerithium Sacco, 1895, in the 
Tertiary of Europe (Cossmann 1906). We follow 
Houbrick (1992), who synonymised 
Ptychocerithium with Cerithium. C wilya sp. nov. 
is one of the more common and characteristic 
species of the Kalbarri assemblage, inferior in 
numerical abundance only to a species of Zeacolpus 
(see below). Most specimens of both species are 
fragmentary and the apertures on most specimens 
have been peeled away, possibly by crabs. This 
appears to be the first record of this tropical- 
subtropical genus from the Eocene of Australia. 

Etymology 

The specific name is from the indigenous Nhanda 
vocabulary of the Lower Murchison district: wilya , 
a shell (Blevins 2001). 


Description 

Shell of average size for genus; whorls slightly 
rounded, tending to flatten anteriorly on larger 
specimens. Sutures linear, slightly impressed, in 
particular on early whorls, becoming shallowly 
recessed with growth; spire angle of 20°. Sculpture 
of 9-13 fine spiral lirae, becoming stronger 
anteriorly, about as wide as interspaces, some 
weakly granose where crossed by sinuate, colabral 
growth striae and increasing by intercalation; 
second spiral adapical to suture usually the most 
prominent. Larger specimens develop up to 18 
spiral lirae per whorl. 


Dimensions 

Height 

WAM 07.4 20.8 

holotype 

WAM 07.5a 15.8 

paratype 

NMV P313972 24.6 


Max. diameter 
7.1 

5.5 

6.9 


No. whorls 
7 

10 

9 


paratype 

None of the above retains either apex or intact 
aperture. 


Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Turritellidae 
Genus Zeacolpus Finlay, 1926 

Zeacolpus bartoni sp. nov. 

Figures 3.8, 3.9, 3.10, 3.32 

Material examined 

Holotype 

Australia: Western Australia: Kalbarri National 
Park, 19.5 km ESE. of Kalbarri; ca. 1 km W of Junga 
Dam, surface float downslope and west of low 
ridge, map reference Kalbarri (1:100,000 series) 
397260, 14-17 October 2005, T.A. Darragh and G.W. 
Kendrick (WAM 07.4). 

Par a types 

Australia: Western Australia : 2 specimens, 
collected with holotype (WAM 07.5); 1 specimen 
(NMV P313972). 

Other material examined 

Australia: Western Australia: all collected with 
holotype: 30 specimens (WAM 04.213); 1 specimen 
(WAM 04.214); 198 specimens (WAM 04.215); 17 
specimens (WAM 05.186); 173 specimens (WAM 
07.6); 158 specimens (NMV P313973). Total of 577 
specimens. 


Remarks 

Zeacolpus bartoni is by far the most common 
mollusc species recovered from the Kalbarri Eocene 
but, despite this, no intact, undamaged specimen is 
known. Apices have been retained on several 
specimens but no aperture has survived, probably 
as a consequence of crab predation. Abrasion is a 
feature of early whorls where present. 

Spiracolpus aldingae (Tate, 1882), the only other 
large turritellid known from the Australian Eocene 
(Darragh 1985), has fewer lirae than the present 
species, including a prominent, beaded lira at mid- 
whorl. The genus Zeacolpus is well represented 
(Eocene-Recent) in New Zealand (Marwick 1971). 
Of the congenor species from there, Z. bartoni most 
resembles the Late Eocene Z. lornensis (Marwick) 
but has more and finer lirae. 

Eleven specimens (WAM 04.217, 05.188, 07.8, 
NMV P314040) in the study material are, for the 
present, distinguished from Zeacolpus bartoni 
because of their flattened whorls and reduced spire 
angle (14°) (Figure 3.10). Though rather worn, the 
sculpture is similar to that of Z. bartoni, of which 
they may prove to be an extreme variant. 

Etymology 

This species is named for Mr David Barton of 
Kalbarri in recognition of his discovery of the fossils 
and his generosity in presenting his collection to 
the Western Australian Museum. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 
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Family Siliquariidae 
Genus Tenagodus Guettard, 1770 

Tenagodus sp. 

Figures 2.11, 2.15 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 3 specimens 
(WAM 04.220); 5 specimen (WAM 05.191); 1 
specimen (WAM 07.9); 9 specimens (WAM 07.10); 9 
specimens (NMV P313974). Total of 27 specimens. 

Description 

Shell tubular, loosely dextrally coiled, early 
whorls somewhat planispiral, becoming irregularly 
twisted; sculptured with irregular, close-set, 
longitudinal, weakly beaded ribs, crossed in places 
by very fine commarginal growth striae. 
Longitudinal slit present with series of holes along 
length, often infilled with secondary silica. 

Dimensions 

WAM 05.191a. 

Maximum diameter is 3.5-4.4 mm. 

WAM 07.9. 

Maximum diameter is 10.4 mm. Eleight 11 mm. 
Whorls 3.5. 

Remarks 

All specimens in the study material are 
fragmentary and some remain enclosed within 
sponges, as all probably were in life. Very similar, if 
not identical, specimens of Tenagodus , often 
preserved within sponges, are common in the 
Pallinup Formation of North Walpole (Darragh and 
Kendrick 1980, 2000) and await detailed study. This 
material from Western Australia is very similar to 
specimens of Tenagodus from the Early Miocene 
Freestone Cove Sandstone at Wynyard, Tasmania. 
T. occiusus (Tenison Woods, 1877) from the latter 
locality was stated not to have a punctured slit and 
it is unclear as to whether this was because of the 
poor preservation of the type specimen or because 
of a valid difference from specimens commonly 
occurring there, which do have a series of holes 
along the slit. Because the status of Tenagodus 
occiusus remains in need of clarification, we prefer 
to utilise open nomenclature for the present species. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. Bremer Basin?: Pallinup 
Formation, Late Eocene. 

Family Xenophoridae 
Genus Xenophora Fischer, 1807 


Xenophora sp. cf. tatei Harris, 1897 

Figures 2.12, 2.13 

Xenophora (Tugurium) tatei Harris, 1897, p. 254, 
plate 7, figures 7a, b. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 2 specimens 
(WAM 05.200). 

Description 

Shell small, possibly juvenile, trochiform, wider 
than high, whorls convex, few, enlarging rapidly, 
stepped and scalloped where not overlain by 
attached and other detritus; spire angle ca 90°; 
periphery extended, abraded; base concave, 
shallowly perforate, umbilical depression finely 
radially striate within incised circumbilical 
groove. 

Dimensions 

1leight Max. diameter No. whorls 
WAM 05.200a 10.0 16.7 5+ 

Remarks 

Occurrences of species of Xenophora from the 
Australian Eocene are very rare, none having 
been recorded from the long-studied 
assemblages of that age in Victoria and South 
Australia. However the present species is very 
similar to a single specimen from the Pallinup 
Formation at North Walpole, which bears a close 
resemblance to the common Middle Miocene 
Xenophora tatei. This material is to be the 
subject of a future study. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. Bremer Basin?: Pallinup 
Formation, Late Eocene. 


Family Naticidae 

Naticid, genus and species undetermined 

Figures 2.4, 2.5 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 04.219). 

Description 

Shell small, probably juvenile, with aperture and 
base obscured by matrix. Low spired, globose, 
wider than high, with convexly rounded whorls, 
smooth apart from short, colahral, axial costellae 
below the suture. 
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Dimensions 

Height Max. diameter No. whorls 
WAM 04.219 3.3 4.1 3.3 

Remarks 

What can be seen of this small specimen bears a 
close resemblance to Friginatica aldingensis (Tate, 
1893) from the Late Eocene Blanche Point 
Formation (Ludbrook 1973, plate 25, figures 57, 58) 
and also common in the Pallinup Formation of 
North Walpole (WAM collection). 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Genus Euspirocrommium Sacco, 1890 

Euspirocrommium sp. 

Figure 2.16 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 05.185). 

Description 

Small for genus, with elevated, gradate spire, 
evenly and convexly rounded whorls and incised, 
channelled sutures; apex missing, spire angle of 60°. 
Base narrowly perforate with shallow umbilicus; 
aperture higher than wide, outer lip broken, as is 
narrow extension of columella over part of 
umbilicus. Whorls appear to be smooth but under 
magnification, seen to bear very fine, crowded 
colabral and spiral micro-striae, extending to the 
umbilical area. 

Dimensions 

Height Max. diameter No. whorls 
WAM 05.185 16.3 11.5 4.6+ 

Remarks 

This unique specimen from Kalbarri presents a 


more gradate spire, slightly stronger sculpture and 
more widely channelled suture when compared 
with its only known Australian congenor- 
Euspirocrommium effusa (Tate, 1893)-from the 
Late Eocene Blanche Point and Browns Creek 
Formations of the St Vincent and Otway Basins 
respectively. It somewhat resembles E. levesquei 
(d'Orbigny) from the Eocene of the Paris Basin. 

Occurrence 

. Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene.. 


Family Cassidae 

Genus Galeodea Link, 1807 

Galeodea sp. 

Figure 2.23 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(poorly preserved) (WAM 07.11). 

Description 

Spire moderately elevated with convex, sub¬ 
gradate whorls; sculpture of numerous, mostly 
narrow, spiral threads of variable width and 
spacing, with prominent axial plicae at a weak mid¬ 
whorl shoulder; subordinate sculpture of very fine, 
close, axial striae between and overlying the spirals. 
Apex and aperture missing. 

Dimensions 

Height Width No. whorls 

WAM07.il 25 16 4+ 

Remarks 

From what remains, the specimen bears a close 
resemblance to those of an undescribed species 
from the Late Eocene Browns Creek Formation and 
Early Oligocene Glen Aire Clay of the Otway Basin 
(Museum Victoria collection). 


^ Figure 3 Dentalium (Fissidentalium) mawsoni Ludbrook, 1 WAM 05.201a, fragment x 2.0; 2 WAM 05.201b, fragment 
x 2.0. Gemmoliva adelaidae (Tate), 3 WAM 07.135 x 4. Mauidrillia sp. cf. M. aldingensis Powell, 4 WAM 
07.30 x 5.0. Notoseila sp., 5 WAM 04.216 x 1.8; 27 WAM 05.187 x 4.1. Marginella sp. A, 6 WAM 04.224 x 4.7. 
Marginella sp. B, 7 WAM 05.195 x 5.0. Zeacolpus bartoni sp. nov., 8 WAM 07.5 x 3.0, paratype; 9 WAM 
04.215 x 7.7, paratype; 32 WAM 07.4 x 3.0, holotype, Zeacolpus sp. 10 WAM 07.8 x 3.0. Brocchitas ? sp., 11 
WAM 07.15 x 5.5. Gracilispira sp. cf. G. ligata (Tate), 12 WAM 07.22 x 4.0. Notovoluta capitonica Darragh, 13 
WAM 05.198 x 2.6. Cochlespira sp., 14 WAM 07.23 x 5.0. Cerithiella sp., 15 WAM 05.190 x 4.8. Notopeplum 
protorhysum (Tate), WAM 05.193 x 3.0; 16 x 3.0, 17 x 2.0. Gemmula ? sp., 18, 19 WAM 06.191 x 3.0. 
Parasyngenochilus sp. cf. P. angustior Long, 20 WAM 07.24 x 5.0. Conorbis sp., 21, 22 WAM 07.29 x 3.0. 
Cirsotrema sp. aff. C. pleiophylla (Tate), 23 WAM 04.221 x 4.0. Mitrid sp. A, 24 WAM 05.194 x 5.7. 
Margineulima? sp., 25 WAM 07.134 x 7.0. Mitrid sp. B, 26 WAM 07.28 x 1.5. Cerithium wilya sp. nov., 28 
WAM 04.218a x 4.0, paratype; 29, 30 WAM 07.1 x 4.5, holotype; 31 WAM 07.2 x 3.9, paratype. 
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Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Cerithiopsidae 
Genus Notoseila Finlay, 1926 

Notoseila sp. 

Figures 3.5, 3.27 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 04.216); 2 specimens (WAM 05.187). Total of 
three specimens, all fragmentary. 

Description 

Spire whorls flat. Sculpture of spiral lirae, number 
increasing by intercalation with growth; early 
whorls with four broad lirae, some crenulated; at 
diameter of three mm, two lirae adjacent to sutures 
are widest, others (two) narrower, ribbon-like; at 
diameter six mm, lirae adjacent sutures are widest, 
others (four) narrower. Aperture with one strong 
columellar plait, otherwise not retained; apex 
missing. 

Dimensions 

Height Max. diameter 
WAM 04.216 8.8 3.3 

WAM 05.187 16.2 7.2 

All specimens are fragmentary. 

Remarks 

Meaningful comparison with other taxa awaits 
the collection of better preserved specimens from 
Kalbarri. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Genus Cerithiella Verrill, 1882 

Cerithiella sp. 

Figure 3.15 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 2 specimens 
(WAM 04.219); 1 specimen (WAM 05.190); 1 
specimen (NMV P313975). Total of four specimens. 

Description 

All specimens are fragmentary. Sculpture 
comprises three prominent, well spaced spiral lirae, 
crossed by about 27 thin axial costae, which form 


small tubercles at the intersection with the spirals. 
Base with one thin spiral below plane of sutural 
attachment, within which are about eight, faint, 
close radial costellae. Siphonal canal twisted. Apex 
and most of aperture missing. 

Dimensions 

Height Max.diameter 
WAM 05.190 10.2 3.2 

This, the figured specimen, retains five whorls. 

Remarks 

No specimen known from the Pallinup 
Formation, Bremer Basin, resembles this species, 
which may be new. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Epitoniidae 

Genus Cirsotrema Morch, 1852 

Cirsotrema sp. aff. pleiophylla (Tate, 1890) 

Scalaria (Cirsotrema) pleiophylla Tate, 1890: 231; 
Tate, 1892, plate 12, figure 1. 

Figure 3.23 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 04.221). 

Description 

Shell of normal size for genus with 17 lamellate, 
frilled, axial costae on last whorl and about nine 
very fine, intercostal spirals on the spire whorls and 
about 12+ on the last whorl. Base with a spiral rib at 
the plane of sutural attachment; aperture sub- 
circular, slightly higher than wide; columella 
expanded, merging with a low, weak, spiral rib. 
Apical whorls missing. 

Dimensions 

Height Max. diameter No. whorls 
WAM 04.221 14.1 5.5 8+ 

Remarks 

Intercostal sculpture on the single specimen to 
hand is partly obscured so that counts of the spiral 
lirae are approximate only. It is similar to specimens 
of Cirsotrema pleiophylla from the Late Eocene 
Blanche Point Formation (St Vincent Basin) and 
Browns Creek Clay (Otway Basin) but seems to 
have more numerous and finer lirae and slightly 
fewer costae per whorl. At the time of writing, no 







Eocene molluscs, Kalbarri 


237 


congenor species is known from the Pallinup 
Formation (Bremer Basin). 

Occurence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Eulimidae 

Genus Margineulima Cossmann, 1888 

Margineulima ? sp. 

Figure 3.25 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.134). 

Description 

The specimen retains less than three whorls, 
which are flat and probably smooth; base 
imperforate; aperture poorly preserved, columella 
slightly curved with a small reflexed callus. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.134 6.9 3.0 <3 

Remarks 

This poorly preserved, single specimen does little 
more than establish the presence of the family in 
the study material. 

Confirmation of its generic identity awaits the 
collection of better preserved specimens. It differs 
from the widely distributed (geographical and 
stratigraphical) Margineulima danae (Tenison 
Woods, 1879) from southern Australia in its 
narrower spire angle and imperforate base. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Turbinellidae 

Turbinellid, genus and species undetermined 

Figures 2.17, 2.18 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.133). 

Description 

The single specimen to hand is a much weathered, 
internal mould, retaining a few shell remnants. It 


indicates a shell of possible turbinellid form with 
low, flattened spire, angulate shoulder and 
extended, tapering last whorl; aperture narrow, the 
columella bearing (from moulds) two strong plaits 
on anterior half; base possibly narrowly 
imperforate. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.133 39.5 43.6 4.5+ 

Remarks 

Despite its conoid shape, a location for this 
unique specimen in the family Conidae seems most 
unlikely, due to the apparent presence of two 
columellar plaits. A tudicline or vasinine affinity 
for the species seems likely, subject to the collection 
of further specimens. Neither of these subfamilies is 
presently known from the Australian Eocene. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Family Muricidae 

Genus Murexsul Iredale, 1915 

Murexsul sp. 

Figures 2.7, 2.8 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: One complete 
specimen and one fragment (WAM 07.13); 1 
specimen (NMV P313976). Total of three specimens. 

Description 

Small for genus, fusiform, spire equal to half 
height. Protoconch large, rounded, smooth, of about 
1.5 whorls. Spire whorls convex, gradate, bearing 
broad axial costae, six on last whorl, seven on 
penultimate whorl; costae overlain with scaled 
spiral lirae, 12 on last whorl and five on 
penultimate whorl; scales present where lirae 
crossed by prominent growth lines. Outer lip 
broken; canal short, strongly twisted. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.13a 13.3 7.6 5.5 

Remarks 

The species bears some resemblance to Murexsul 
prionotus (Tate, 1888) from the Late Eocene Blanche 
Point Formation (St Vincent Basin) but lacks the 
foliaceus costae of that species. A congenor, 
somewhat similar but possibly of a distinct species. 
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occurs in the Pallinup Formation at North Walpole 
(WAM collection). 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Genus Brocchitas Finlay, 1927 

Brocchitas? sp. 

Figure 3.11 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.15). 

Description 

Shell small, probably less than fully mature, 
fusiform. Protoconch acute, smooth, of about 1.5 
whorls. Teleoconch of three whorls with prominent 
axial costae, about ten per whorl and 20 spiral lirae 
on last whorl; canal long, slightly twisted. Aperture 
broken. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.15 7.4 2.7* ca5 

*probably larger on intact aperture 

Remarks 

The genus Brocchitas has been recorded hitherto 
only from the Middle Miocene of South Australia 
and Victoria (Tate, 1888, and Museum Victoria 
Collection) and the specimen from Kalbarri, which 
is less than well-preserved is referred to that genus 
with some reservations. Compared with B. exilis 
(Tate, 1888), type species of Brocchitas, the present 
species has a smaller, more acute protoconch, more 
axial costae and more spiral lirae on the last whorl. 
An ancestral relationship to B. exilis seems possible, 
to be clarified from the collection of further 
material. 

No comparable specimen is known from the 
Pallinup Formation, Bremer Basin. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Family Fasciolariidae 

Genus Dennantia Tate, 1888 

Dennantia aldingensis (Tate, 1888) 

Figures 2.9, 2.10 

Peristernia aldingensis Tate, 1888: 156, plate 8, 
figure 8a-b. 


Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 3 specimens 
(WAM 04.222); 1 specimen (WAM 04.223); 1 
specimen (WAM 05.192); 4 specimens (WAM 
07.14); 3 specimens (NMV P313977). Total of 12 
specimens. 

Description 

• Size average for genus, fusiform with strongly 
convex whorls. Protoconch of two smooth whorls, 
the first deviated from shell axis. Axial sculpture of 
prominent, broad costae, six to eight on last whorl, 
crossed by 18-20 fine, spiral lirae (last whorl). Inner 
lip finely lirate. 

Dimensions 

Height Max. diameter No. whorls 
WAM 04.222 16.0 9.4 6+ 

WAM 05.192 14.1 13.3 5+ 

Remarks 

All specimens in the study material are broken, 
either apically or at the aperture or both but taken 
together they agree in morphology with topotypes 
of Dennantia aldingensis. The species is not 
uncommon in the Pallinup Formation at North 
Walpole and elsewhere (WAM Collection). 
Specimen WAM 05.192 has what appears to be a 
circular, naticiform?, borehole on the last whorl 
(Figure 2.10). 

Occurrence 

Late Eocene of Otway Basin, St Vincent Basin 
(type), Bremer Basin: Pallinup Formation. 
Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Family Volutidae 

Genus Alcithoe H. and A. Adams, 1853 

Subgenus Waihaoia Marwick, 1926 

Alcithoe (Waihaoia) pagodoides (Tate, 1888) 
Figure 2.21 

Voluta pagodoides Tate, 1888: 176, plate 13, figure 
7; Tate, 1889:132. 

Alcithoe (Waihaoia) pagodoides (Tate): Darragh 
1989: 239, plate 12, figures 1, 4, 7,10,13,17. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 04.225); 3 specimens (WAM 05.197); 1 
specimen (WAM 07.16); 8 specimens (WAM 07.17); 
8 specimens (NMV P313986). Total of 21 specimens, 
mostly fragmentary. 
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Description 

Shell of less than mature size, fusiform, with 
turreted, gradate spire; anterior fifth missing. 
Protoconch smooth, of two whorls, aligned with 
shell axis; first teleoconch whorl with ca 12 axial 
costellae and thin, spiral lirae; axials subsequently 
form sharp tubercles on angulate shoulders of 
whorls; tubercles number eight on last whorl; 
spirals weaken with growth, absent after ca 6.5 
whorls. Columella with four strong plaits and one 
weaker, posterior plait. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.16 28.0 15.5* 7 

* aperture broken 

Remarks 

Alcithoe (Waihaoia) pagodoides is extremely 
variable in morphology, both geographically and 
stratigraphically (Darragh 1989), the present 
specimens from Kalbarri being of comparatively 
squat form, compared with those from the eastern 
extremity of its range, i.e., Victoria. 

Occurrence 

Otway Basin: Browns Creek Formation. St 
Vincent Basin: Blanche Point Formation (type). 
Bremer Basin: Pallinup Formation. South 
Carnarvon Basin: unnamed sandstone, Middle-Late 
Eocene. Late Eocene - Late Oligocene. 


Genus Notovoluta Cotton, 1946 

Notovoluta capitonica Darragh, 1989 
Figure 3.13 

Notovoluta capitonica Darragh, 1989: 218, plate 3, 
figures 8,11,12,15; plate 27, figures 1, 4. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 05.198). 

Description 

Specimen comprises the adapical part of a 
probable juvenile or immature shell. Protoconch 
turbinate, of about three convex whorls, slightly 
wider than first teleoconch whorl. About 2Vi 
slender teleoconch whorls, gradually forming low 
axial costae, on which weak plicae develop at a 
little above mid-whorl; spire profile almost 
straight; by fourth whorl, fine, close, spiral lirae 
extend between sutures, passing over axial costae 
and plicae. Four columella plaits present. Aperture 
missing. 


Dimensions 

Height Max. diameter No. whorls 
WAM 05.198 13.0 6.5 5 V 2 

Remarks 

Though comprising only the protoconch and 
several early whorls of the teleoconch, sufficient 
characters remain on this specimen to make 
comparison with topotypes of Notovoluta 
capitonica , which it matches very closely. 

Occurrence 

Otway Basin: Browns Creek Formation (type). St 
Vincent Basin: Blanche Point Formation. Late 
Eocene. Southern Carnarvon Basin: unnamed 
sandstone, Middle-Late Eocene. 


Genus Notopeplum Finlay, 1927 

Notopeplum protorhysum (Tate, 1889) 
Figures 3.16, 3.17 

Voluta protorhysa Tate, 1889: 126, plate 2, figures 
6a, b. 

Notopeplum protorhysum (Tate): Darragh 1989: 
256, 257, plate 25, figures 7,10,11, figure 31. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 05.193). 

Description 

Shell small, immature, without last whorl and 
anterior extremity as if from crab peeling. 
Protoconch worn; first teleoconch whorl bears 
numerous, fine, close, axial costellae, persisting and 
becoming spaced on subsequent three whorls, then 
fading. Columella with four strong and one thin 
plaits, with several faint spirals, fading adapically. 

Dimensions 

Height Max. diameter No. whorls 
WAM 05.193 25.4 8.3 ca 6 

All dimensions are less than the original 

Remarks 

The single specimen is very close in morphology 
to Tate's figured specimen from the Kent Town 
Bore, Adelaide. 

Occurrence 

Otway Basin: Browns Creek Formation. St 
Vincent Basin: Blanche Point Formation (type). 
Bremer Basin: Pallinup Formation. Southern 
Carnarvon Basin: unnamed sandstone. Middle-Late 
Eocene. 
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Genus Lyria Gray, 1847 

Lyria lamellatoplicata sp. nov. 

Figures 2.19, 2.20 

Material examined 

Holotype 

Australia: Western Australia: Kalbarri National 
Park, 19.5 km ESE. of Kalbarri; ca. 1 km W of Junga 
Dam, surface float downslope and west of low 
ridge, map reference Kalbarri (1:100,000 series) 
397260, 14-17 October 2005, T.A. Darragh and G.W. 
Kendrick (WAM 07.18). 

Paratypes 

Australia: Western Australia: 1 specimen, col¬ 
lected with holotype (WAM 07.19); 1 specimen, col¬ 
lected with holotype (NMV P313987). 

Other material examined 

Australia: Western Australia: all collected with 
holotype: 1 specimen (WAM 05.196); 3 specimens 
(WAM 07.20); 4 specimens (NMV P313988). Total 
of 11 specimens. 

Description 

Shell small for the genus, possibly immature. 
Protoconch of 1.5 whorls, the first deviated about 
45° from shell axis. Teleoconch of about five 
gradate whorls with high, narrow whorl shoulder. 
Axial sculpture of thin, sharp, almost plate-like 
costae extending from suture to suture, 14 on 
penultimate whorl, 11 on last whorl, interspaces 
much wider than costae. Spiral sculpture of 
numerous, weak threads extending over all 
teleoconch whorls. Aperture narrow, elongate, 
outer lip thickened; columella with two to five 
strong plaits with occasionally one or two weaker 


plaits present. 




Dimensions 

Height 

Max. diameter 

No. whorls 

WAM 07.18 

19.9 

9.8 

6 

holotype 
WAM 07.19 

18.8 

9.4 

3.5+ 

paratype 
NMV P313987 

18.2 

8.2 

5 


paratype 

All specimens are broken 


Remarks 

The species bears no close resemblance to any 
other known congenor from Australia. It bears a 
superficial similarity to Lyria branderi (Deshayes, 
1835) from the Eocene of the Paris Basin but 
differs in that the costae of the last whorl are 
much more widely spaced and much narrower 
than on the latter. No species of Lyria is as yet 


known from the Eocene strata of southeastern 
Australia but an undescribed congenor is present 
in the Pallinup Formation of the Bremer Basin 
(WAM Collection). 

Etymology 

The specific name is from the Latin lamellata, and 
plica , a fold, referring to the lamella-like costae. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Olividae 

Genus Gemmoliva Iredale, 1924 

Gemmoliva sp. cf. G. adelaidae (Tate, 1889) 
Figure 3.3 

Oliva adelaidae Tate, 1889:145, plate 8, figure 6. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.135). 

Description 

Shell small, of average size for species, spire and 
aperture partly obscured by matrix. Spire whorls 
flattened, sutures narrowly channelled, spire half 
total height, spire angle 30°, narrowly elongate; 
columella with three strong plaits set on callus; last 
whorl with anteriorly located spiral band bordered 
by narrow, incised lines, which extend onto parietal 
area as two narrow, spaced threads. Apex rounded, 
smooth. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.135 10.9 3.6 6 

Remarks 

The single specimen from Kalbarri is more 
elongate and has a more narrowly channelled 
suture than those of Gemmoliva adelaidae from the 
Browns Creek and Blanche Point Formations. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Genus Gracilispira Olson, 1956 

Gracilispira sp. cf. G. ligata (Tate, 1889) 
Figure 3.12 

Ancillaria ligata Tate, 1889:147, plate 7, figure 6. 
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Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.22). 

Description 

Shell small for species, immature. Spire flattened, 
equal to half total height, sutures weakly apparent; 
apex bluntly rounded. Columella with four close 
plaits; broad spiral band at anterior extremity enters 
aperture adapical to plaits. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.22 9.5 3.7 6 

Remarks 

The single specimen is close to Tate's species but 
is more tumid than others of similar size from the 
Blanche Point (type) and Browns Creek Formations. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Family Turridae 

Genus Cochlespira Conrad, 1865 

Cochlespira sp. 

Figure 3.14 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.23). 

Description 

Shell fusiform with strongly gradate spire, whorls 
channelled below sutures and with a strong 
peripheral rim, bearing low, subspinose plicae, 
numbering ca 20 on last whorl. Aperture concealed by 
matrix, anterior canal broken, remnant with six close, 
spiral lirae; several weak spirals on parietal area of 
last whorl. Protoconch smooth, worn, of 1+ whorls, 
first teleoconch whorl with fine, close axial costellae. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.23 10.3 5.5 ca7 

Remarks 

The single Kalbarri specimen is slightly larger 
than those of Cochlespira semiplana (Powell, 1944) 
from the Browns Creek and Blanche Point (type) 
Formations. It is also more gradate and lacks the 
prominent lira present on the last whorl of the latter 
species. 


Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Genus Parasyngenochilus Long, 1981 

Parasyngenochilus sp. cf. P. angustior Long, 1981 
Figure 3.20 

Parasyngenochilus angustior Long, 1981: 50, plate 
7, figure, 17. 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.24); 1 specimen (NMV P313989). Total of 
two specimens. 

Description 

Shell elongate-fusiform with blunt apex. 
Protoconch smooth, paucispiral, of about 1.5 
whorls. First teleoconch whorl with fine, close, 
axial costellae, subsequently becoming more 
spaced and overlain by fine, close spiral lirae, 
extending from suture to suture and continuous 
over axials; one stronger, composite spiral 
formed anterior of suture and is bordered by a 
shallow spiral depression; last whorl with 18 
low axial costae of unequal strength and 
spacing, some composite; spiral lirae continuous 
over last whorl and extending onto anterior 
canal, tip of which is broken. Columella slightly 
callused with several faint, ascending spiral 
lirae. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.24 9.3 3.4 5 

Remarks 

The figured specimen is well-preserved apart 
from a broken anterior canal and infilled 
aperture; the second specimen to hand, though of 
inferior preservation, attains a height of 12.5 mm. 
Of the species of Parasyngenochilus recorded 
from the Late Eocene-Early Oligocene of the 
Otway and St Vincent Basins, the present species, 
most resembles. P. angustior , differing in its more 
ill-defined shoulder and fewer, more regular and 
more evenly spaced lirae. The genus also occurs 
in the Late Eocene to Late Oligocene of New 
Zealand (Long, 1981: 50). No congenor is as yet 
known from the Pallinup Formation, Bremer 
Basin. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 
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Genus Gemmula Weinkauff, 1876 

Gemmula ? sp. 

Figures 3.18, 3.19 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 06.191); 1 fragmentary specimen (NMV 
P314038). Total of two specimens. 

Description 

Shell somewhat worn, acuminate-fusiform, spire 
ca two thirds total height. Protoconch of ca 1.5 
whorls, slighly deviated; teleoconch whorls spirally 
lirate throughout with a weakly gemmulate 
peripheral keel at about mid-whorl; between keel 
and adapical suture are one relatively prominent 
and three or four very fine spiral lirae; anterior of 
keel are two relatively prominent lirae on spire 
whorls and three on last whorl, with additional 
very fine lirae between them; fine spirals continue 
across base and onto anterior canal, the extremity of 
which is missing. Outer lip of aperture broken, with 
remnant of posterior canal present. 

Dimensions 

Height Max. diameter No. whorls 
WAM 06.191 16.5* 6.1 ca8 

^anterior canal broken 

Remarks 

No congenor similar to this specimen from 
Kalbarri is known from the Eocene of southern 
Australia. The species has some resemblance to 
some Recent Indo-Southwest Pacific species of 
Gemmula such as G . speciosa (Reeve, 1833) and G. 
kieneri (Doumet, 1840). 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 

Genus Mauidrillia Powell, 1942 

Mauidrillia sp. cf. M. aldingensis Powell, 1944 
Figure 3.4 

Mauidrillia aldingensis Powell, 1944: 36, plate 4, 
figure 6. 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.30). 

Description 

Shell small, fusiform with convex, weakly 
shouldered whorls; protoconch domed, smooth, of 


1.5 whorls, slightly deviated; first teleoconch whorl 
with close, axial costellae, gradually becoming 
spaced to form low, rounded, axial costae of 
unequal prominence and confined to abapical 
portion of whorl; aperture with stronger varix; 
axials overlain by fine spiral lirae, ca 10 on 
penultimate whorl and extending (last whorl) onto 
anterior canal; a weak, subsutural spiral present 
between costae and adapical suture; aperture 
broken, columella smooth with weak parietal 
callosity; tip of anterior canal broken. 

Dimensions 

Height Max. diameter No. whorls 
WAM 07.30 7.4 3.1 6.3 

Remarks 

The single specimen in the study material has 
somewhat more tumid whorls and a more elongate 
canal, compared with topotypes of Mauidrillia 
aldingensis from the Blanche Point Formation of the 
St Vincent Basin. No congenor is as yet known from 
the Pallinup Formation of the Bremer Basin. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Marginellidae 
Genus Marginella Lamarck, 1799 

Remarks 

The few specimens of this family and genus and 
their inferior preservation inhibit detailed 
comparison with taxa from other Australian Eocene 
sources, except to observe that somewhat similar 
specimens, all awaiting study, have been collected 
from the Pallinup Formation, Bremer Basin. 

Marginella sp. A 
Figure 3.6 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 04.224); 1 specimen (WAM 07.136); 1 
specimen (NMV P314039). Total of three specimens. 

Description 

Shell biconic, spire elevated, tapered anteriorly; 
four strong, oblique, columellar plaits. Aperture 
and much of last whorl missing. 

Dimensions 

Height Max. diameter 
WAM 04.224 6.6 2.7 
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Remarks 

Specimen WAM 07.136 has four oblique, 
columellar plaits and a small, fifth horizontal plait. 
This species is rather more ventricose than 
Marginella sp. B. 

Occurrence 

Southern Carnarvon Basin: unnamed silicified 
sandstone, Middle-Late Eocene. 


Marginella sp. B 
Figure 3.7 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 05.195). 

Description 

Shell subcylindrical with short spire and bluntly- 
rounded apex; two strong, anteriorly located, 
oblique columellar plaits; inner lip (aperture) finely 
denticulate. 

Dimensions 

Height Max. diameter 
WAM 05.195 5.7 2.3 

Remarks 

This species is relatively elongate and 
subcylindrical compared with Marginella sp. A. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Family Mitridae 

Remarks 

No generic assignment is attempted for two 
species of this family represented in the study 
material, pending the collection of further 
specimens. 

Mitrid, sp. A 
Figure 3.24 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 fragmentary 
specimen (WAM 05.194). 

Description 

A fragmentary shell of mitrid form, retaining the 
apical five whorls and part of the sixth. Protoconch 
large, paucispiral, of 1.1 whorls, the tip immersed. 


First teleoconch whorl convex, smooth, developing 
weak, low, axial costellae and subsequently fine, 
close, spiral threads extending from suture to 
suture; axials remain low, weak, of irregular 
strength and spacing; columella with four strong 
spiral plaits, ascending within. 

Dimensions 

Height Max. diameter No. whorls 
WAM 05.194 9.8 6.1 6 

' Specimen fragmentary 

Remarks 

What remains of this otherwise well-preserved 
specimen suggests a superficial resemblance to 
species of the genus Eumitra Tate, 1889. There are 
no known taxa elsewhere in the Australian Eocene 
similar to the present species. Differs from the 
associated Mitrid sp. B in its narrower spire, 
sculptured whorls and stronger plaits. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Mitrid, sp. B 
Figure 3.26 

Material examined 

Australia: Western Australia : Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.28). 

Description 

Shell missing apical portion and apertural part of 
last whorl, including anterior canal; partially 
encrusted with secondary silica. Spire about equal 
to half height, whorls slightly convex and slightly 
stepped at suture, without evident axial or spiral 
sculpture; columella with four weak, spaced, low, 
rounded plaits, callosity low, weak. 

Dimensions 

Height Max. diameter 
WAM 07.28 36.3 13.3 

Specimen broken 

Remarks 

Differs from the associated Mitrid sp. A in its 
greater diameter relative to height, absence of 
sculpture and weak, spaced columellar plaits. There 
is no taxon at present known similar to this from 
the Australian Eocene. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 
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Family Conidae 

Genus Conus Linnaeus, 1758 

Conus ? sp. 

Figure 2.22 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 05.199). 

Description 

Internal mould of a low-spired, biconic shell 
retaining a few shell remnants of last whorl, partly 
overlain by secondary silica; columella smooth; 
apparent low spiral sculpture visible on last whorl 
through silica overlay. 

Dimensions 

Height Max. diameter 
WAM 05.199 16.4 12.0 

Remarks 

Generic identity of this specimen derives from the 
biconic shape of the internal mould and the absence 
of any trace of columellar plaits. An unidentified 
species of Conus, currently awaiting study, has 
been collected from the Pallinup Formation (Bremer 
Basin). Its relationship to the present species is 
unclear. No species of Conus is known from the 
Eocene of southeastern Australia. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 


Genus Conorbis Swainson, 1840 

Conorbis sp. 

Figures 3.21, 3.22 

Material examined 

Australia: Western Australia: Kalbarri National 
Park, ca. 19.5 km ESE. of Kalbarri: 1 specimen 
(WAM 07.29). 

Description 

Shell of medium size for genus, lacking apical 
and anterior extremities and apertural outer lip. 
Biconic, whorls slightly convex, weakly 
shouldered at mid-whorl and slightly recessed 
sutures; anterior canal (broken) probably a little 
attenuated. Sculpture fine, spiral only, 
concentrated below sutures; on last whorl, mostly 
on anterior half, continuous onto canal and across 
columella and parietal area. Aperture elongate, 
outer lip broken. 


Dimensions 

Height Max. diameter No. whorls 
WAM 07.29 18.5 8.1 3+ 

Specimen broken 

Remarks 

Species of Conorbis are known from the Late 
Eocene of Victoria and South Australia (Long, 
1981). The present specimen, though poorly 
preserved, is unlike these, having a slightly 
attenuated canal and a slight shoulder to the 
whorls. No congener is as yet known from the 
Pallinup Formation. 

Occurrence 

Southern Carnarvon Basin: unnamed sandstone, 
Middle-Late Eocene. 
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Abstract - Stone geckos (Diplodactylus spp.) are a small group of moderately 
robust geckos that occur on hard soils in southern and arid regions of 
Australia. We present a morphological and molecular assessment of the 
systematics of D. g. granariensis , D. g, rex and D. mitchelli, including an 
isolated population of D. 'mitchelli' from the Northwest Cape, Genetic data 
from allozyme analysis and 757bp of the mitochondrial ND2 gene provided 
evidence for very recent divergence between the subspecies of D. granariensis , 
despite the morphological distinctiveness of D. g. rex from other stone geckos 
owing to large size, massive head, different pattern and scalation. In contrast, 
morphological and molecular data indicated that the isolated population of D. 
'mitchelli' from the Northwest Cape was distinct at the species level and also 
more closely allied to D. granariensis. The new species differs from D. 
mitchelli in having smaller dorsal scales, fewer vertebrae and cloaca! spurs, 
from D. g. granariensis in larger size, shorter tail and uncreased rostral scale, 
from D. g. rex by smaller body and head size and from both subspecies by 
fewer undivided subdigital lamellae, reddish colouration and distinctive 
dorsal stripe with transverse bands. The Northwest Cape has several other 
endemic species of reptiles indicating that this region is biogeographica11 v 
significant and hence of special conservation value. 

Keywords: Australia, Diplodactylus mitchelli, Diplodactylus g. granariensis, 
D. g. rex, Pilbara, wheatbelt 


INTRODUCTION 

The Australian continent has a diverse gecko 
fauna stemming from both ancient Gondvvanan 
lineages (Carphodactylidae, Diplodactylidae and 
Pygopodidae) and more recent arrivals 
(Gekkonidae) (Han et al. 2004). Until recently the 
most speciose genus of Australian geckos was 
Diplodactylus. The only comprehensive taxonomic 
treatment of this group was by Kluge (1967), with 
significant taxonomic changes occurring since then. 
The arboreal spiny-tailed species were transferred 
to the genus Strophurus (Russell and Rosenberg 
1984; Melville et al. 2004) and recently Oliver et al. 
(2007a) resurrected the genus Lucasium for the 
clade of more gracile, narrow-toed, long-tailed and 
highly terrestrial species based on molecular and 
morphological analyses. The genus Diplodactylus 
is now restricted to a group of species with a 
distinctive larger jugal, generally shorter tails and 
larger terminal scansors. 


Within the redefined Diplodactylus there are 
thirteen recognized species (Cogger 2000; Wilson 
and Swan 2003; Bush et al. 2007). Recent genetic 
studies using mtDNA, however, have uncovered 
considerable evidence for high levels of 
unrecognized cryptic diversity (Oliver et al. 
2007a,b). Stone geckos of the genus Diplodactylus 
refer to a moderately robust terrestrial lineage of 
geckos with primarily a southern distribution. 
Currently recognized members in Western 
Australia include D. g. granariensis, D. g. rex , D. 
mitchelli, D. ornatus and D. polyophthalmus. Here 
we focus on the systematics of Western Australian 
stone geckos from northwestern and central 
Western Australia. These are D. mitchelli (Kluge 
1963) from the Pilbara and presumably an isolated 
population from the Northwest Cape, D. g. 
granariensis (Storr 1979) from the wheatbelt and D. 
g. rex (Storr 1988) which occurs between the 
previous two taxa (Figure 1). Diplodactylus 
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Figure 


1 Distribution of Diplodactylus mitchelli , D. g, granariensis, D. g. rex and the isolated population of D. 
'mitchelli' in Western Australia. 


mitchelli is the most morphologically divergent of 
these taxa and can be readily diagnosed by its large 
size, long limbs, vertebral stripe with transverse 
bars on reddish background colour and enlarged 
dorsal scales (Storr et al, 1990; Cogger 2000). 
Diplodactylus granariensis from southwestern 
Australia was separated from the widespread D. 
vittatus by Storr (1979). Diplodactylus g. rex was 
described by Storr (1988) and diagnosed on the 


basis of its substantially larger size, uncreased 
rostral and distinctive pattern. At the time of its 
description, D. g. rex was believed to be allopatric 
from the nominate species. However, further 
collecting has shown the two taxa to be contiguous 
with morphology not always showing a clear 
demarcation between subspecies. 

The isolated Diplodactylus population from the 
Northwest Cape was assigned to D. mitchelli by 
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Kluge (1963, 1967), who noted that it differed in 
possessing smaller dorsal scales and restricted 
dorsal pattern. The genetic study of Oliver et al. 
(2007a) found that this population was not aligned 
to D. mitchelli, but instead was more closely related 
to IX granariensis. Limited sampling also indicated 
that there was little genetic support for the 
recognition of D. g. rex as distinct from D. g. 
granariensis. Here we use evidence from two 
different molecular techniques (mtDNA and 
allozymes) and morphology to elucidate the 
relationships and taxonomic status of the currently 
recognized taxa of northwestern stone geckos, with 
emphasis on the Northwest Cape population of D. 
mitchelli. 


METHODS 

Materials 

Genetic studies were performed using frozen 
tissue samples in the collection of the Western 
Australian Museum (WAM) and the South 
Australian Museum (SAMA). Multiple samples 
from all key populations were included in order 
assess intraspecific geographic variation. 
Morphological examination was performed using 
formalin-fixed ethanol-preserved specimens in the 
WAM collection (Appendix 1). 

Allozyme analyses 

Analyses were undertaken on raw allozyme data 
generated previously for D. granariensis, D. 'NW 
Cape', D. mitchelli, and D. ornatus (Oliver et al. 
2007b). All procedures relating to the use of 
stepwise Principle Co-ordinates Analysis (PCoA) 
and the estimation of genetic distances follow those 
detailed therein. Genetic distance matrices for both 
percent fixed differences (%FD) and Net's Distance 
(Nei D) were used to explore the phenetic and 
phylo-genetic affinities among taxa, the former via 
UPGMA dendrograms and the latter via Nj 
networks. Horner and Adams (2007) provide details 
of how dendrograms and trees were constructed. 
The level of statistical support for nodes was 
assessed by non-parametric bootstrapping for 1,000 
pseudo-replicates using BASIC computer programs 
written by M. Adams. 

Mitochondrial DNA 

Mitochondrial DNA data were obtained from a 
subset of the animals used in the allozyme analyses. 
This sampling included all allozyme localities for 
nominal D. mitchelli and most localities for D. 
granariensis. These data were used to provide an 
independent assessment of genetic divergence and 
evolutionary relationships. The final mitochondrial 
dataset was comprised of 11 nominal D. 
granariensis, 4 D. mitchelli and 3 specimens of the 


Northwest Cape population. Two specimens of 
three different species were included as outgroups 
based on the analyses of Oliver et al. (2007b): D. 
ornatus, D. pulcher and an undescribed 
Diplodactylus from the southern coast of Australia. 
The majority of sequences included in this study 
have already been published in Oliver et al. (2007b). 

DNA extraction and amplification protocols for 
the ND2 gene follow those outlined in Oliver et al. 
(2007a,b). An approximately 900-bp segment of 
coding region was amplified using the following 
primers; light strand 5'-GCC CAT ACC CCG AAA 
ATS TTG-3' (modified from Jennings et al. 2003) 
and heavy 5'-TTA GGG TRG TTA I i l GHG AYA 
TKC G-3' (Oliver et al. 2007b). This fragment of the 
ND2 gene has been successfully used to examine 
intrageneric relationships in many diplodactyline 
gecko groups (Jennings et al. 2003; Melville et al. 
2004; Pepper et al. 2006; Bauer et al. 2006; Oliver et 
al. 2007a,b). PCR products were amplified using 
Hotmaster Taq (Eppendorf) using the following 
conditions: denaturing 94°C, anneailing 55°C and 
for extension 72°C for 34 amplification cycles. 
Newly obtained PCR products for this study were 
sequenced in both directions by the company 
Macrogen of South Korea. New sequences were 
aligned with a pre-existing dataset from Oliver et 
al. (2007b) using Se-al (version l.Opl: Rambaut, 
1996). 

Maximum Parsimony (MP) analyses were 
performed using PAUP (Version 4: Swofford 2000). 
We used the heuristic search algorithm with 100 
random additions to trees. A bootstrap analysis 
with 500 heuristic pseudoreplicates was carried out 
to assess the robustness nodes in the MP tree. 
Bayesian analyses were performed using MrBayes 
V3.0 (Ronquist and Huelsenbeck 2003). A model of 
molecular evolution appropriate to our data was 
determined using MrModeltest (Nylander 2004). 
Monte Carlo Markov Chain sampling was run for 
1,000,000 generations sampling every 100 
generations. The burnin was set at 100,000 
generations after plotting generation number 
against likelihood scores indicated that stationarity 
had been reached well inside this point. 

Morphometries 

Table 1 lists the characters and their abbreviations 
we measured for all species in the analysis. We also 
calculated the following ratios: TrunkL/SVL, 

HeadL/SVL, HeadW/SVI. HeadH/SVL, ArmL/SVL 

and LegL/SVL and also TailL as a percentage of 
SVL (TailL%SVL). As body size differed among 
taxa and sex (see Results), we carried out 2-way 
ANCOVAs on TrunkL, ArmL, l eg!., 1 lead 1 , 
HeadW, HeadH, NoIO and NoSC with SVL as a 
covariate. In addition, we obtained radiographs of 
four individuals of D. mitchelli from the Pilbara 
(WAM R14823, R84458, R113618, R113642) and the 
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Table 1 Meristic characters and their abbreviations used in this study. 


SVL 

TL 

TrunkL 

TailW 

ArmL 

LegL 

HeadL 

HeadW 

HeadH 

OrbL 

NarEye 

SnEye 

EyeEar 

INar 

IO 

SupLab 

InfLab 

Rcrease? 

CreaseL 

IntNar 

NoIO 

NoSC 

PostNas 

RelLab 

CSpurs 

4FL 

4FW 

4FscanW 

4FLaml 

4FLam2 

4TL 

4TW 

4TscanW 

4TLaml 

4TLam2 

MenLAV 


Snout-vent length 
Tail length 

Trunk length from axilla to groin 

Tail width at widest point on original tails 

Foreleg length from elbow to tip of 4 th finger 

Tibia length from upper surface of knee to tip of 4 th toe 

Flead length from tip of snout to retroarticular process 

Plead width at widest point 

Fiead height at highest point 

Orbit length - maximum 

Distance from nare to anterior corner of eye 

Distance from snout to anterior corner of eye 

Distance from posterior edge of eye to anterior margin of ear 

Internarial distance 

Interorbital width at centre of eyes 

Number of supralabial scales 

Number of infralabial scales 

Whether the rostral was smooth or creased at all 

Proportional length of the crease 

Number of internarial scales 

Number of scales between center of orbits 

Number of subcaudal scales from fracture plane to tip 

Number of postnasal scales 

Relative height of 1 st and 2 nd labial scales; 1 - P f >2 nd ; 2 - 1 st >=2 nd ; 3 - 1 st = 2 nd ; 4 - P' <= 2 nd ; 5 - 1 st < 2 nd 

Average number of enlarged cloacal spurs 

4 th finger length from base to tip 

4 th finger width near distal joint 

Width of scansor of 4 th finger 

Number of undivided lamellae on 4 th finger 

Total number of lamellae on 4 th finger 

4 th toe length from base to tip 

4 th toe width near distal joint 

Width of scansor of 4 th toe 

Number of undivided lamellae on 4 th toe 

Total number of lamellae on 4 th toe 

Ratio of length/width of mental scale 


Northwest Cape (WAM R81328, R102843, R132466, 
R132467) for vertebrae counts. 

RESULTS 

Allozyme electrophoresis 

The final allozyme dataset comprised genotypes 
for 36 animals at 38 putative loci. An initial PCoA 
based on all specimens (Figure 2A) revealed the 
presence of three primary genetic groups, 
corresponding to D. ornatus, D. mitchelli, and the 
D. granariensis complex. The five D. 'NW Cape 7 
specimens fell unequivocally into the latter group, 
demonstrating that their principal genetic affinities 
lie with D. granariensis rather than D. mitchelli. 
Follow-up PCoAs on all three primary genetic 
groups found no evidence for distinctive subgroups 
within D. ornatus or D. mitchelli (analyses not 


shown), but did reveal clearly defined subgroups 
within the D. granariensis complex (Figure2B). 
These subgroups correspond to 'NW Cape 7 (which 
was separated from true D. granariensis by the first 
dimension), and the two subspecies D. g. rex and D. 
g. granariensis. A final PCoA involving only 
individuals of D. granariensis (analysis not shown) 
provided additional support for the observation in 
Figure 2B of a primary genetic dichotomy within D. 
granariensis which concords with the currently- 
recognized subspecies. 

In summary, stepwise PCoA unreservedly placed 
each individual into one of five diagnosable units - 
the four taxa already described plus the distinctive 
'NW Cape' form. Allele frequencies at all poly¬ 
morphic loci and pairwise genetic distances for 
these five taxa are presented in Tables 2 and 3, 
respectively. The three described species are 
diagnosable from one another by a minimum of 












Northwestern stone geckos 


251 


Table 2 Allozyme frequencies for the five taxa under investigation. For polymorphic loci, the frequencies of all but the 
rarer/rarest alleles are expressed as percentages and shown as superscripts (allowing the frequency ot each 
rare allele to be calculated by subtraction from 100 '',,). Alleles joined without being separated by a comma all 
shared the frequency indicated. A dash indicates no genotypes assignable at this locus. I axon codes as per 
Figure I. The maximum number of haploid genomes sampled for each taxon in shown in brackets. Invariant 
loci: Ak, Mdh , Ndpk, and Srdh, 


Locus 

ORN 

(8) 

MITCH 

(14) 

CAPE 

(10) 

REX 

(20) 

GRAN 

(20) 

Acon-1 

a 

a Ad 

d 

d .b ,1 

b ,a ; .alv 

Aeon-2 

a ,b \d 

b ,d 

d 

d ; ,1 ,u 

v .d .bvlg 

Acp 

a",b 

a 

a 

a 

a 

Acyc 

c%a 

a 

a 

a 

a' ,h 

Adh-2 

b 

b 

b 

b' .a 

b 

Dia 

e%d 

a' V 

a 

a 

a T 

Enoi 

h 

b 

b 

b ,a ; ,c 

b 

Est 

b sr ,a 

d",c 

c 

c 

C",b 

Fdp 

b 

b%a 

b 

b 

ti 

Fum 

b 

b ,a 

b 

b ,l0 ,a 

b ,a 

G6pd 

a 

b 

b 

b' ,a 

b 

Gda 

b%a 

a 

a 

a 

a 

Glo 

b%a 

b 

b 

b 

b 

Cot-l 

b%a 

b 

b 

b 

b 

Got-2 

b 

b 

a 7n ,b 

b <r yc 

b 

Gpi 

b .. c 

b 

b 

b 

b' ; a 

Guk 

b 

b 

d 9(l ,b 

b 

b 40 ,a 7 ,c 

Hbdh 

- 

a 

b 

c%b' ,i! 

b'Ad J; ’ 

ldh-1 

b%a 

b 

b 

b 

b 

ldh-2 

a 

b 

a' ,b 

a' ,b 

a ,b 

Lap 

0 ,b ,d 

c 

A 7 , a 

c 

c q7 ,b 

Ldh-1 

b 

b 

b 

b ,a 

b 

Ldh-2 

b 

a 

a 

a 

a 

Me-1 

b%d 

c 

tv ,d ; ,v 

b :,,1 ,a%d 

lv ,.d 

Me-2 

c\a 

c 

b 

cd%ab 7 

c 17 ,d 2 3ab 2fr 

Mpi 

b 

b 

b 

b 4lt ,ac 7 

b‘ B ,a 

PepA-1 

b 

a 

e 

c >i: ..ad 7 

%% 

PepB 

e 

d 

d 

h ,d .a 

t ,b ,dg ,c ..a 

Pgam 

a 

b%a 

b 

b" ,a 

a' :; *,b 

6Pgd 

c 7 \e 

a 

c 

M,d 

c" ,bd 

Pgm-1 

L ,g- ,b ,d 

g%h I4 T 

P°,d 

•'-d TF 

f ; ,b' ,eg ,acd 

Pgm-2 

a 

b 

b 

b 

b ; .c 

Sod 

a%c 

b 

a 

a 

a 

Tpi 

b 

a 

a 

a 

a 


Table 3 Pairwise genetic distances among the five taxa. 

Lower triangle *= %FD (allowing a 10% 
tolerance for shared alleles, see Oliver et at. 
[2007]); upper triangle = Nei Ds. 


Taxon 

ORN 

MITCH 

CAPE 

REX 

GRAN 

ORN 


0.53 

0.54 

0.43 

0.36 

MITCH 

32 

- 

0.32 

0.26 

0.21 

CAPRE 

32 

24 

- 

0.11 

0.12 

REX 

24 

16 

5 

- 

0.07 

GRAN 

22 

11 

5 

0 

- 


four and a maximum of 12 fixed differences (range 
11-32 %FD, Table 2), whereas the two subspecies of 
D. granariensis displayed no fixed differences 
between each other and only a modest Nei D of 
0.07. The 'MY Cape' taxon, while clearly allied 
genetically with D, granariensis to the exclusion of 


D. mitchelli, nevertheless displays two fixed 
differences (5%FD, Table 3) involving three loci 
( Acon-1, Guk and Me-2; Table 2) when compared to 
both D. g. rex and D. g, granariensis. A further three 
loci display major differences in allele frequence (p 
> 50% for Aeon-2, Got-2 and PepLP; Table 2) 
between 'MV Cape' and both subspecies of D. 
granariensis. 

Figure 3 contrasts the overall genetic similarities 
among the five taxa (as assessed by UPGMA 
analyses) with their comparative phylogenetic 
affinities, as assessed using the NJ approach). 
Although the MY Cape' taxon is genetically less 
similar to the two subspecies of D. granariensis than 
either is from the other (Figure 2B), the 
phylogenetic analyses suggest that its genetic 
affinities lie within D. granariensis in general and in 
particular with the geographically more proximate 
northern subspecies of D. g. rex. 
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Figure 2 Summary of Stepwise PCoA of western Diplodactylus, demonstrating how individuals were assigned to taxa 
on genetic criteria. A) Initial PCoA on all 36 individuals. The relative PCoA scores have been plotted for the 
first (X-axis) and second (Y-axis) dimensions, which individually explained 24% and 22% respectively of the 
total multivariate variation. B) Follow-up PCoA on the 25 individuals comprising the D. granariensis com¬ 
plex of A). The first and second dimensions individually explained 22% and 17% respectively of the total 
multivariate variation. Taxon code: ORN = D. omatus, MITCH = D. mitchelli, CAPE = 'NW Cape', REX = D. 
g. rex, GRAN = D. g. granariensis. 


Mitochondrial DNA 

The final aligned sequence comprised 749 base 
pairs from within the coding region of the ND2 
gene. Of these sites, 474 were constant, 234 were 
variable and parsimony informative and 41 were 
variable and not parsimony informative. A single 
three base pair indel was present in all samples of 
D. mitchelli. MrModeltest indicated that the most 
appropriate model of molecular evolution for our 
dataset was GTR+I+G. 

Both maximum parsimony and Bayesian analyses 


identified three major lineages within the 
Diplodactylus populations of interest; these 
correspond to D. mitchelli , the Northwest Cape 
population and both subspecies of D. granariensis 
(Figure 4). In all analyses these three lineages 
formed a strongly supported clade exclusive to all 
outgroups. Relationships among the three lineages 
were less clearly resolved. However there was a 
tendancy for D. mitchelli to be most divergent, and 
the Northwest Cape population and D. g. 
granariensis to be sister taxa. 
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A) UPGMA 



B) NJ 

l-ORN 


MITCH 


GRAN NdD = 0.05 


61 

( 66 ) 


CAPE 


89 

(74) 


REX 


Figure 3 A comparison of the genetic and phylogenetic 
affinities of western Diplodactylus, based on 
Nei Distances. Analyses based on %FD values 
(not presented) displayed the same arrange¬ 
ment of nodes. Taxon codes as per Figure 2. 
Bootstrap values above 60% are shown for all 
nodes (bracketed values below the branch are 
those obtained using %FD). A) UPGMA den¬ 
drogram. B) NJ tree. 


The Northwest Cape population showed very 
little intraclade genetic diversity, differing by a 
single change in one individual. Within D. 
mitchelli, one individual was notably divergent 
from the other three which were almost identical. 
Within D. granarienis, genetic divergences were 
discordant with the current subspecific taxonomy. 
This lineage was divided into two strongly 
supported clades, one is represented by only two 
animals from the western edge of the Darling Range 
near Perth (Bindoon), while the other occupies all 
of the species' distribution to the east of the Darling 
Range. Animals assigned to D. g. rex formed a very 


shallow clade nested within deeper lineages 
assigned to D. g. granariensis. 

Morphometries 

Table 4 compares the four taxa for the 
morphological characters measured with the results 
of the statistical analyses. Sex had an effect on SVL, 
TrunkL, ArmL and LegL with females being 
significantly longer than males for these characters. 
There were no other sex differences for the other 
characters. However, SVL was a significant 
covariate for most of the morphological characters 
tested (Table 4). Diplodactylus mitchelli was the 
largest taxon, followed by D. g. rex, D. 'NW Cape' 
and D. g. granariensis. In contrast, D. g. granariensis 
had the relatively longest tail with the most 
supracaudal scales, followed by D. 'NW Cape', D. 
g. rex and D. mitchelli with a very short tail with 
fewer, larger scales. Limb length was also 
significantly different among species with both D. 
mitchelli and D. g. rex with longer arms and legs 
than D. 'NW Cape'and D. g. granariensis, although 
limb length as a proportion of SVL showed no 
strong trends. Diplodactylus g. rex had a much 
more massive head for all of the measures for head 
size, whereas D. mitchelli had an elongate head that 
was dorsoventrally compressed. The number of 
interorbital scales also varied, with D. mitchelli 
having fewer (owing to large scale size) and D. g. 
granariensis having much more numerous (and 
smaller) scales. 

Some scale characters also showed differences 
among taxa. Rostral scales were almost always 
slightly creased in D. mitchelli and D. g. 
granariensis, but rarely so for D. 'NW Cape'and 
D. g. rex (reflected also in the length of the 
crease). Diplodactylus mitchelli was also notable 
for having a greater number of cloacal spurs and 
wider scansors than the other taxa. There were 
some differences with subdigital lamellae, with 
D. mitchelli and D. 'NW Cape' having fewer but 
with a higher proportion of undivided lamellae 
than both subspecies of D . granariensis. There 
were no differences among the four taxa in labial 
scales, mental scale ratios or other characters 
commonly used as diagnostic traits in geckos 
(Table 4). Vertebral counts for D. mitchelli from 
the Pilbara were all 26 (N = 4) whereas for the 
Northwest Cape population they were all 25 (N = 
4). 

Colour and pattern of the four taxa also differed. 
The two subspecies of D. granariensis have a strong 
to slightly scalloped vertebral stripe, whereas both 
D. mitchelli and D. 'NW Cape' both have a more 
broken stripe with short tranverse bars. The ground 
colour of D. g. granariensis is a dark brown to 
almost black, D. g. rex is much paler and D. 
mitchelli and D. 'NW Cape' have a ground colour 
imbued with a rich red. 

























Table 4 Summaries of characters and ratios measured for Diplodactylus. Mean+S.D. (range). Sample sizes are listed in column headings, unless noted for individual 
characters below. See Table 1 for abbreviations. SVL was tested with a 2-way ANOVA. 2-way ANCOVAs (factors - species and sex, covariate - SVL) were carried out 
(see text for explanation) and reported in the last column. All species X sex interaction terms were not significant with alpha = 0.05. Key: NS - not significant: P > 0.10, 
* P < 0.05, ** P < 0.01, *** P < 0.001, **** P < 0.0001. 


Character 

D. 'Cape Range' 

N = 19 

D. mitchelli 

N = 22 

D. g. granariensis 

N - 32 

D. g. rex 

N = 27 

Statistics 

SVL 

Female (N = 9): 

Female (N = 9): 

Female (N = 12): 

Female (N = 12): 

Spp.-F 3<95 = 16.834**** 


60.7±3.4 

(56.0-66.5) 

Males (N = 10): 

52.2±4.2 

(43.0-57.5) 

65.5±7.5 

(53.0-77.0) 

Males (N = 13): 
63.3±5.7 
(47.5-71.5) 

55.7±5.5 

(47.0-62.0) 

Males (N = 20): 

53.4+3.6 

(44.0-61.0) 

63.4±7.9 

(49.0-72.0) 

Males (N = 15): 
58.9±4.9 
(51.0-67.0) 

Sex - F ws = 13.497'*** 

TrunkL 

Female (N = 7): 

Female (N = 9): 

Female (N = 12): 

Female (N = 12): 

Spp. - F 3g2 = 1.704 NS 


27.2±3.4 

31.3±4.3 

25.0+2.8 

28.4±3.7 

Sex - F 192 = 11.410** 


(23.7-32.2) 

Males (N = 12): 

23.1±1.8 

(20.1-25.9) 

(23.4-38.4) 

Males (N = 13): 
27.7±3.2 
(18.6-31.0) 

(29.0-39.0) 

Males (N =2): 

22.7±2.9 

(16.9-28.7) 

(20.8-32.5) 

Males (N = 15): 
25.2±2.7 
(20.9-30.3) 

SVL - F 192 = 185.573"” 

TailL 

30.6±3.2 

32.3±3.9 

33.0±3.7 

34.5±4.8 

SPP--F 3 , 6 o = 15 - 699 ^ 


(25.0-34.0) 

(25.0-38.0) 

(22.0-39.0) 

(24.0-42.0) 

Sex - F 160 = 1.756 NS 


N = 8 

N = 13 

N = 29 

o 

CM 

£ 

SVL - F uo = 57.544”” 

ArmL 

13.9+0.8 

16.7±1.2 

13.6±0.9 

15.8±1.4 

Spp. - ¥ an = 24.043”** 


(11.5-14.9) 

N = 18 

(13.8-18.5) 

N = 21 

(11.9-15.0) 

N = 31 

(12.7-17.7) 

Sex - F igi = 5.842* 
SVL -F 1/91 '= 171.055**** 

LegL 

17.0±0.9 

20.5±1.6 

16.5±1.1 

19.1±1.7 

Spp. -F w = 16.740- 

(14.1-18.0) 

(16.5-22.8) 

(14.7-18.5) 

(15.7-21.5) 

Sex -F 187 = 6.320* 


N = 16 

N = 21 

o 

CO 

ii 

£ 

N = 26 

SVL-F w = 91.514**~ 

HeadL 

15.7±1.2 

17.2±1.3 

15.0±0.8 

17.3±1.7 

Spp. -F 3 , 94 = 13.385- 


(12.2-17.3) 

(14.1-19.3) 

(13.3-16.4) 

(14.3-20.0) 

Sex -F 194 = 0.092 ns 
SVL - Fj H = 337.651**** 

HeadW 

10.5±1.0 

11.7+1.1 

10.7±0.8 

12.7±1.4 

SPP- = 23.915- 


(8.3-12.3) 

N = 18 

(9.0-13.4) 

N = 21 

(8.9-12.3) 

(10.0-15.7) 

Sex -F 192 = 2.890 ns 
SVL-F 19 ' 2 = 128.543**** 

HeadH 

7.1±0.6 

7.6+0.7 

6.8±0.6 

8.4±0.9 

Spp- - P 3/ 92 = 21.324**** 


(5.1-8.1) 

N = 18 

(6.0-8.8) 

N = 21 

(5.1-7.8) 

(7.0-10.4) 

Sex -F 192 - 0.579 ns 
SVL-F 192 = 55.967**** 
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NoIO 

35±2 

32±2 


(32-38) 

(29-39) 


N = 18 

N = 10 

NoSC 

59±3 

38±4 


(54-63) 

(31-46) 


N = 11 

N = 13 

TailW 

6.2±1.1 

9.4±1.2 


(4.6-8.0) 

(6.7-11.3) 


N = 10 

N = 12 

OrbL 

4.3±0.3 

4.6±0.4 


(3.7-4.9) 

N = 18 

(3.4~5.2) 

NarEye 

4.4±0.4 

5.0±0.4 


(3.7-5.0) 

N = 18 

(4.2-S.5) 

SnEye 

6.1±0.5 

6.8±0.5 


(4.9-6.8) 

N = 18 

(S.9-7.9) 

EyeEar 

5.9±0.6 

6.3+0.8 


(4.6-6.8) 

N = 18 

(4.7-8.3) 

INar 

1.9+0.1 

2.1±0.2 


(1.6-2.1) 

(1.8-2.3) 

IO 

5.3±0.5 

5.9±0.4 


(4.1-6.0) 

N = 18 

(5.1-6.5) 

SupLab 

11.0±0.7 

11.4±0.8 


(10-12) 

(10-13) 

InfLab 

10.6±1.0 

11.3±0.9 


(10-12) 

(10-13) 

Rcrease? 

3/19 

10/10 

CreaseL 

0.03±0.08 

0.25±0.16 


(0-0.25) 

(0-0.5) 


39±2 

38±2 

S PP'- F 3,92' 

(35-44) 

(34-45) 

Sex-F I92 ^ 

SVL-F^ 

74±6 

60±3 

S PP-- F 3,62 = 

(63-84) 

(55-67) 

SeX - F l,62 = 

N = 25 

o 

CN 

N 

£ 

svl-f 162 

6.4±1.0 

7.6±1.0 


(4.6-8.0) 

(5.8-9.S) 


N = 10 

N = 21 


4.2±0.4 

4.5±0.5 


(3.6-4,9) 

N = 31 

(3.8-5.8) 


4.4±0.4 

5.0±0.5 


(3.9-S.6) 

(3.9-6.S) 


5.9±0.4 

6.6±0.6 


(5.0-6.6) 

(5.3-7.9) 


5.4±0.4 

6.4±0.8 


(4.S-6.2) 

(5.0-8.0) 


1.9+0.1 

2.0±0.2 


(1.7-2.1) 

(1.6-2.3) 


5.4±0.4 

6.0±0.6 


(4.7-6.2) 

(4.9-6.8) 


N = 27 

N = 25 


11.9±0.9 

11.7±0.9 


(10-15) 

(10-13) 

. 

11.9±0.9 

11.3±0.9 


(10-15) 

(10-13) 


32/32 

4/27 


0.32±0.10 

0.06±0.13 


(0.125-0.5) 

(0-0.5) 



= 41.241"" 
= 0.200 NS 
= 0.152 NS 

128.128”” 
= 0.399 NS 
= 0.465 NS 
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Table 4 (cont.) 


Character 

D. 'Cape Range" 

D. mitchelli 

D. g. granariensis 

D. g. rex 

Statistics 


N = 19 

N = 22 

N = 32 

N = 27 



IntNar 

3/19 

6/22 

4/32 

3/27 

PostNas 

2.82±0.51 

2.48±0.50 

3.05±0.32 

3.06±0.63 


(2-4) 

(2-3) 

(2-3) 

(1-4) 

RelLab 

4.26±0.87 

3.05±1.46 

3.44±1.01 

2.89±1.05 


(3-5) 

(1-5) 

(1-5) 

(1-5) 

CSpurs 

5.2±0.4 

7.3+1.0 

5.3±0.9 

5.1±1.3 


(5-6) 

(S.5-9.5) 

(3-7) 

(3.5-8.S) 


N = 10 

N = 13 

o 

<N 

II 

z 

N = 15 

4FL 

3.8±0.2 

4.5+0.5 

3.6±0.3 

4.1±0.4 


(3.6-4.1) 

(3.6-S.3) 

(3.1-4.2) 

(3.4-4.7) 


N = 13 

N = 20 

N = 24 

N = 16 

4FW 

0.7±0.1 

0.9±0.1 

0.7±0.1 

0.8±0.1 


(0.5-0.9) 

(0.7-1.1) 

(0.6-0.9) 

(0.6-0.9) 


N = 13 

N = 21 

N = 25 

N = 18 

4FscanW 

1.2±0.1 

1.5±0.2 

1.1±0.1 

1.1±0.1 


(1.1-1.4) 

(1.1-1.8) 

(0.9-1.3) 

(0.8-1.3) 


N = 12 

N = 21 

N = 25 

N = 17 

4FLaml 

6.1±0.3 

6.0±0.5 

4.9±1.2 

4.6±0.8 


(6-7) 

(5-7) 

(3-7) 

(4-6) 


N = 13 

N = 21 

N = 27 

N = 19 

4FLam2 

6.2±0.4 

6.5±0.6 

7.0±0.7 

7.2±0.6 


(6-7) 

(5-7) 

(6-8) 

(6-8) 


N = 13 

N = 21 

N = 27 

N = 19 

4TL 

4.3±0.1 

5.3±0.5 

4.4±0.3 

4.9±0.5 


(4.1-4.4) 

(4.S-6.2) 

(3.9-5.0) 

(4.1-5.5) 


N = 9 

N = 19 

N = 20 

N = 11 

4TW 

0.8±0.1 

0.9±0.1 

0.8±0.1 

0.9±0.1 


(0.6-0.9) 

(0.7-1.2) 

(0.6-0.9) 

(0.6-1.1) 


N = 11 

N = 21 

N = 22 

N = 16 
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4TscanW 

1.4±0.1 

1.7±0.2 

1.2±0.2 

1.3±0.2 


(1.2-1.6) 

(1.3-2.0) 

(1.0-1.4) 

(0.9-1.6) 


N = 11 

N = 21 

N = 22 

N = 18 

4TLaml 

7.2±0.9 

6.8±1.5 

5.0±1.5 

5.2±1.0 


(6-9) 

(3-8) 

(3-9) 

(3-8) 


N = 13 

N = 21 

N = 27 

N = 18 

4TLam2 

7.9±0.7 

7.9±0.6 

8.7±0.9 

8.9±0.6 


(7-9) 

(7-9) 

(7-11) 

(8-10) 


CO 

r-I 

li 

N = 21 

N = 27 

N = 18 

MenL/W 

1.2±0.1 

1.3±0.2 

1.1±0.2 

1.3±0.2 


(1.1-1.4) 

(1.1-1.7) 

N = 10 

(0.8-1.8) 

N = 31 

(0.9-1.8) 

TrunkL/SVL 

0.44±0.03 

0.45±0.03 

0.43±0.04 

0.44±0.03 


(0.40-0.49) 

N = 17 

(0.39-0.53) 

(0.36-0.52) 

(0.37-0.50) 

HeadL/SVL 

0.28+0.01 

0.27±0.03 

0.28±0.02 

0.28±0.01 


(0.26-0.30) 

N = 19 

(0.25-0.30) 

(0.25-0.32) 

(0.26-0.31) 

HeadW/SVL 

0.19±0.01 

0.18±0.01 

0.20±0.01 

0.21±0.02 


(0.16-0.20) 

N = 18 

(0.16-0.19) 

N = 21 

(0.17-0.23) 

(0.18-0.24) 

HeadH/SVL 

0.13±0.01 

0.12+0.01 

0.13±0.01 

0.14±0.01 


(0.11-0.14) 

N = 18 

(0.10-0.14) 

N = 21 

(0.09-0.16) 

(0.11-0.16) 

ArmL/SVL 

0.25±0.02 

0.26±0.02 

0.25±0.02 

0.26±0.01 


(0.22-0.29) 

N = 18 

(0.25-0.30) 

N = 21 

(0.23-0.32) 

N = 31 

(0.24-0.29) 

LegL/SVL 

0.30±0.02 

0.32±0.02 

0.31±0.03 

0.31±0.02 

(0.26-0.33) 

(0.28-0.36) 

(0.27-0.38) 

(0.27-0.36) 


N = 16 

N = 21 

N = 30 

N = 26 

Tail%SVL 

56.6±2.2 

49.4+3.9 

63.9+4.4 

58.1±6.1 


(52.4-60.0) 

(43.9-56.7) 

(55.7-71.0) 

(45.2-70.2) 


N = 8 

N = 13 

N = 24 

N = 21 
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DISCUSSION 

Our molecular and morphological results were 
not always consistent with current taxonomic 
arrangements, specifically not strongly supporting 
the subspecies within D. granariensis and 
supporting the Northwest Cape taxon as distinct 
from D. mitchelli and D. granariensis. We review 
all of the evidence below to arrive at our taxonomic 
conclusions. 

Despite consistent morphological differences and 
allozyme profiles, there was only weak support for 
D. g. rex as a valid subspecies within D. gran¬ 
ariensis with mtDNA data which indicated very 
recent divergence. Neither molecular dataset 
provided diagnostic markers which could 
unequivocally identify animals as belonging to one 


or the other subspecies or a hybrid between the two. 
Moreover, the two different molecular techniques 
presented a different picture of where the most 
significant phylogeographic split occurs, with 
allozymes indicating a split to distinguish northern 
versus southern populations (i.e., generally 
concordant with the subspecific taxonomy; Figure 
2B), whereas mtDNA placed it across either side of 
the Darling Range (Figure 4), with a further divide 
separating wheatbelt D. g. granariensis from 
northern D. g. rex. Although the allozyme data 
mirrored the morphological differences, the 
mtDNA patterns indicated that D. g. rex popu¬ 
lations were more closely related to D. g. gran¬ 
ariensis from the wheatbelt; furthermore, the 
Darling Range (near Perth) population of D. g. 


1.00/85 


0.98/67 

0.95/72 

1.00/98 


0.96/96 


0.95/89 


1.00/97 


WAM R132504 (R) 
LWAMR112102 (R) 
r WAM R140415 (R) 
WAM R112103 (R) 
L WAM R113191 (R) 
j- WAM R144718 (G) 
L WAM R144551 (G) 
- WAMR112106 (G) 
WAM R144551 (G) 
WAM R153948 (G) 


D. granariensis 
(including ’rex’) 


l.oo/iool WAM R153946 (G) 

f WAM R132467 


1 . 00/100 


WAM R132465 
WAM R132468 

WAM R146632 


Cape Range 


1.00/100 
1 . 00/100 


WAM ,R152704 


L SAMA R60439 
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D. mitchelli 


1 . 00/100 


1.00/100 
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WAM R120060 
- WAM R140941 


D. ornatus 


0.05 substitutions/site 


SAMA R24763 
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c 


D. 'southern' 

D. pulcher 


Figure 4 Bayesian consensus tree of inferred phylogenetic relationships of northwestern Diplodactylus based on 749 
bp of the mitochondrial ND2 gene. Posterior probabilities above 95% and bootstrap support values above 
50% are shown for major nodes. 
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granaricnsis formed the sister taxon to wheat be It. D. 
g. granariensis and D. g. rex. All branches were very 
shallow relative to other species in our analysis. 

The subspecies D. g. rex was named by Storr (1988) 
based on a combination of unusual characters 
possessed by the populations to the north of typical 
D. g. granariensis (Figure 1). These characters include 
large body size, uncreased rostral scale and more 
bold vertebral stripe with little pattern on the sides. 
The relatively low level of mtDNA differentiation 
between populations of D. g. rex and D. g. gran¬ 
ariensis contrasts strikingly with significant 
morphological differentiation. Further work on this 
interesting problem is continuing, as this may be an 
instance of active speciation. The evolution of the 
massive head in D. g. rex suggests that the maximum 
prey size that is able to be taken may be a factor, 
although other hypotheses such as phenotypic 
plasticity, allometry and character displacement 
could play a role, 

Our second finding was that the Northwest Cape 
population of D. ' mitchelli' was distinct from D. 
mitchelli from the Pilbara. The genetic data strongly 
supported a closer relationship with D. granariensis 
than with D. mitchelli, although the morphological 
data was ambiguous as to their affinities. We 
describe the Northwest Cape population as a new 
species below. 

SYSTEMATICS 

Reptilia 

Squamata 

Family Diplodactylidae Underwood, 1954 
Genus Diplodactylus Gray, 1832 
Type species 

Diplodactylus vittatus Gray, 1832, by monotypy. 

Diagnosis 

A genus of Diplodactylidae (sensu Han et al. 
2004) characterized by robust habitus, wide 
scansors, short (<80% SVL) stout tails, absence of 
preanal pores, numerous (> 5) clocal spurs, two 
pairs of cloaca 1 bones and anteriorly enlarged jugal 
bone entering floor of lacrimal foramen (Oliver et 
al. 2007a). 

Diplodactylus capensis sp. nov. 

Cape Range Stone Gecko 
Figures 5, 6 

Material examined 

Holotype 

WAM R154901 in the collection of the Western 


Australian Museum, Perth. An adult male collected 
at Shot hole Canyon, Northwest Cape, Western 
Australia (22°03'12'S, 11 TOPI EE) by P. Doughty 
on 13 April 2004. Liver sample stored at -75°C at 
WAM. 

Para types 

WAM SB 1.328 (F) 6 km S of Exmouth (21°58'S, 
114°06’E); WAM R81342 (M) Shothole Canyon 
(22°05'S, 114 02T); WAM R102843 (Mi Cape Range 
N.P. (22 04’17'S, 1 bT00'23' F); WAM R102900 (F) 
Cape Range N.P. (22°09 , 01"S, 113°59'52"E); WAM 
R117870 (F) Shothole Canyon (22°02’S, I 14 02T'); 
WAM R132465 and WAM R132466 (both F) 
Shothole Canyon (22°03’00"S, 114°01'0rE); WAM 
R141700 (M) hca'rmonth (22%4'3E’S, 114 0202 E); 
WAM El54902 (M) 9 km S of Exmouth (22°0T18"S, 

114°06'39”E). 

Diagnosis 

A medium-large member of Diplodactylus 
characterised by stout head with tall labial scales, 
mental similar size to infralabials, elongate tail, 
wide scansors with a row of discrete unbroken 
lamellae along digit, medium-sized dorsal scales, 
25 vertebrae and by light reddish brown dorsal 
colouration with pale continuous dorsal stripe with 
transverse bars. 

Measurements 

Holetifpe (mm) 

SVL - 57.5; TrunkL -25.9 ; TailL - 32.5; ArmL - 
13.7; LegL - 17.2; HeadL - 15.8; HeadW - 11.0; 
HeadH - 7.0; OrbL - 4.4; NarEye - 4.6; SnEve - 6.3; 
Eye Ear - 6.7; INar - 1.9; IO - 5.4; Suplab - 11; 
Inf Lab - 12; Crease 1, - 0.1 of height; IntNar - 0; 
NoIO - 35; NoSC - 55; PostNas - 3; RelLab - 3 
(equal); CSpurs - 5; 4FL - 3.7; 4FW - 0.8; 4FscanW - 
1.2; 414.ami - 6; 4FLam2 - 6; 4TL - 4.2; 4TW - 0.8; 
41 scan W - 1.5; TlLasml - 7; 4TLam2 - 8; MenL/W 
- 1.2; TrunkL/SVL - 0.45; HeadL/SVL - 0.28; Head/ 
SVL - 0.19; HeadH/SVL - 0.12; ArmL/SVL - 0.24; 
LegL/SVL - 0.30; Tail%5Vl.- 56.5%. 

Description 

A large Diplodactylus with a slight to medium 
build and medium-large head. Arms and legs 
slender and of moderate length. Tail moderately 
thick and short, covered by scales much larger than 
on dorsum. Head moderately wide and deep. Snout 
triangular when viewed dorsally but rounded in 
profile at tip. Adductor muscles of jaw large. Eyes 
moderately large with straight brow ridge above 
eye and eyes only slightly protruding above top of 
head. Eyelid margin begins at anterior-ventral edge 
of eye, then extends dorsalfy and anteriorily before 
extending posteriorly to form a protruding ridge 
above eye. There are 2-7 spinose scales towards the 
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Figure 5 Male (A) and female (B) of Diplodactylus capensis sp. nov. from the Cape Range. Photographs by B. Maryan. 


posterior fold of the eyelid margin. Ridge at 
posterior edge of eye extends anteriorly and 
ventrally so that the posterior ventral portion of eye 
socket is covered. 

Usually 11 (10-12) upper and lower labial scales. 
Nostril surrounded by rostral, 2 supranasals, 2-4 
postnasals and first labial. Second labial not lower 
than first. Rostral scale usually undivided (N = 16) 
or at most with a small dorsal notch (3). Nostrils 
separated by 2 lower supranasals and usually 4 or 5 
upper supranasals. Mental scale sharply triangular 
or lanceolate, only slightly longer than wide. 


Postmentals gradually decrease in size posteriorly 
over 5-8 scale rows that gradually reduce to the 
size of the granular scales under the chin. 

Scales on dorsum slightly larger than on venter. 
Ventral and chin scales flatter than scales on head, 
dorsum and tail which are more rounded. Head 
scales smaller than dorsal scales and chin covered 
with small granular scales. Limbs with small 
granular scales. Male cloacal spurs consist of 5-6 
spinose scales arranged in 2-3 transverse rows; 
females have 3-10 enlarged scales (rarely spinose) 
where the male spurs occur. The tail is short and 
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Figure 6 Holotype (WAM R154901) of Dipiodactylus capensis sp. nov. Lateral (A) and ventral (B) views of head; 
ventral surface of hand (C) and foot (D). Drawings by C. Stevenson. 
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round to slightly oblong in cross-section with a slight 
constriction near base. Fine granular scales cover 
plantar surface of manus and pes. Two enlarged 
terminal pads to either side of claw. The shape of the 
subdigital lamellae is circular, rarely tranversely 
oblong. Usually six unbroken subdigital lamellae on 
4 !h finger and eight under 4 th toe. There are 25 
presacral vertebrae in the four specimens examined. 

Colouration 

In life the dorsal pattern consists of a light 
redciish-brown background which extends half-way 
down the flanks. The top of the head is paler than 
the body, with a wide pale streak extending 
forward from the vertebral stripe through the dorsal 
portion of the eye. Below this streak and above the 
pale upper labials is a reddish temporal streak 
through the ventral portion of eye. There is a cream- 
coloured irregular vertebral stripe with 5-8 short 
transverse bars to either side of midline. These 
travsverse bars are aligned in some animals but not 
in others producing an irregular serrated pattern. 
The stripe and transverse bars have a reddish- 
chocolate border, but this fades on the transverse 
sections towards the flanks. The ventral surface and 
half way up the flanks is a creamy white. On 
original tails the dorsal vertebral stripe and 
transverse bar pattern continues as far as half the 
length of the tail before breaking up in to blotches 
or fading to creamy white. Regenerated tails are 
darker on the dorsal surface and lack the original 
patterns and blotches of original tails. 

In very old specimens (preserved > 50 y), the 
pattern is very faint but the reddish hues and 
longitudinal pattern persist. In more recently 
preserved specimens, the rich red hues and dark 
borders are lost. 

Reproduction and ecology 

A gravid female had two eggs, one of which was 
13.1 x 7.5 mm (the other was damaged). Very little 
else is known of this species, other than its apparent 
preference for hard stony surfaces. Most known 
specimens were collected from limestone massif 
itself, which is extensively vegetated by hummock 
grass with low shrubs and trees. 

Etymology 

Named for the Northwest Cape of Western 
Australia, the region to which it is restricted. 

Distribution 

Diplodactylus capensis is restricted to the 
northern end of the Northwest Cape in Western 
Australia (Figure 1). Within the peninsula, it occurs 
on the hard rocky substrate of the limestone massif 
itself. There are also two records from the eastern 
plain near the towns of Exmouth and Learmonth. 


Morphological comparisons with other species 

Diplodactylus capensis differs from D. con- 
spicillatus , D. ornatus and D. polyophthalmus by 
reddish background colour, and from D. con- 
spicillatus, D. pulcher and D. klugei by large labial 
scales, longer tail, mental not longer than 
infralabials and rostral in contact with nostril. From 
D. mitchelliby dorsals approximately the same size 
as ventrals, smaller adult body size, more robust 
appearance (D. mitchelli has a dorsoventrally 
compressed head and long limbs that are unique in 
Diplodactylus), fewer vertebrae, fewer cloacal 
spurs, lighter colour and uncreased rostral. It is 
distinguished from D. g. granarienis by greater SVL, 
large scale size (as measured by NoIO), uncreased 
rostral scale, shorter tail, fewer subdigital lamellae, 
reddish ground colour and presence of poorly de¬ 
fined transverse bars on dorsum. It is distinguished 
from D. g. rex by smaller SVL and head, fewer 
subdigital lamellae, reddish ground colour and 
presence of poorly defined transverse bars on 
dorsum. 

We found a consistent count of 25 presacral 
vertebrae in D. capensis compared to 26 in D. 
mitchelli. This is interesting given that the modal 
gekkotan count is 26, with a range of 23 to 29 (see 
Bauer et ah 1996). As only two taxa were sampled, 
it is not possible to determine whether the 
difference represents a loss or a gain, although the 
body shape and limb proportions of D . mitchelli are 
considerably more elongate relative to other stone 
geckos. Further taxon sampling of vertebral counts 
within the Diplodactylidae is necessary to resolve 
the polarity issue and to explore trends within this 
group. 

Conservation 

Diplodactylus capensis has one of the smallest 
distributions of an Australian gecko, although some 
species are only known from a single remote 
location (e.g., D. fulleri Storr 1978) or restricted to 
mountains (e.g., leaf-tailed geckos along the Great 
Dividing Range; Wilson and Swan 2003). 

The description of D. capensis raises the number 
of reptile species endemic to the Cape Range to 
three. The others endemics are the blindsnake 
Rhamphotyhlops splendidus Aplin 1998 and the 
pygopod Delma tealei Maryan, Aplin and Adams 
2007. In addition there are a number further reptile 
taxa that have isolated allopatric populations on the 
Cape Range (see Wilson and Swan 2003). These 
patterns, in addition the high levels of endemism 
shown by other faunal groups, underline the 
biogeographical uniqueness and conservation 
significance of the Northwest Cape. Much of the 
Cape Range is currently protected within the Cape 
Range National Park. However, the entire 
Northwest Cape is currently subject to degradation 
by large numbers of feral goats, including the 
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national park. Conservation of D. capensis and 
other significant fauna on the Northwest Cape (e.g., 
Maryan et al. 2007) would be best achieved by 
increasing the size of the conservation reserve to 
include the entire peninsula (which is also fringed 
by the Ningaloo reef) and eradicating feral goats. 
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APPENDIX 1 

Specimens of Diplodactylus examined morphologically. 

Diplodactyhis capensis (non type-series material) 

Males 

WAM R52906, WAM R61277, WAM R81327, WAM R102844, WAM R132467. 
Females 

WAM R52920, WAM R52928, WAM R52929, WAM R61276. 


Diplodactylus mitchelli 
Males 

WAM R110136, WAM R110152, WAM R113642, WAM R140406, WAM R146604, WAM R152704, WAM R154975, WAM 
R158095, WAM R158098, WAM R158137, WAM R170674, WAM R170686, WAM R170718. 

Females 

SAM R60439, WAM R84458, WAM R113618, WAM R145754, WAM R146630, WAM R146631, WAM R146632, WAM 
R158104, WAM R170689. 


Diplodactylus granariensis granariensis 
Males 

WAM R72278, WAM R72361, WAM R74347, WAM R76042, WAM R84452, WAM R96573, WAM R110779, WAM 
R127572, WAM R134044, WAM R134106, WAM R135210, WAM R137776, WAM R144170, WAM R144551, WAM 
R151675, WAM R153946, WAM R153947, WAM R153948, WAM R153949, WAM R153950. 

Females 

WAM R136581, WAM R72718, WAM R93462, WAM R74518, WAM R72602, WAM R161181, WAM R144780, WAM 
R134816, WAM R132023, WAM R132278, WAM R103846, WAM R103857. 


Diplodactylus granariensis rex 
Males 

WAM R97289,WAM R113191, WAM R132504, WAM R140415, WAM R141120, WAM R141121, WAM R144718, WAM 
R154934, WAM R154944, WAM R154955, WAM R154957, WAM R161164, WAM R167476, WAM R167485. 

Females 

WAM R100350,WAM R110702, WAM R112102, WAM R112106, WAM R136593, WAM R136619, WAM R136802, WAM 
R141122, WAM R145285, WAM R145448, WAM R151421, WAM R154956, WAM R167490. 
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Material of Diplodactylus examined genetically. 


Taxon 

Specimen 

Number 

Locality 

State Allozymes 

mtDNA 

Genbank 

Accession 

NW Cape 

WAMR132465 

Cape Range NP 

WA 

Y 

Y 

EF532862 

NW Cape 

WAMR132466 

Cape Range NP 

WA 

Y 

N 

NA 

NW Cape 

WAMR132467 

Cape Range NP 

WA 

Y 

Y 

NA 

NW Cape 

WAMR132468 

Cape Range NP 

WA 

Y 

Y 

NA 

NW Cape 

WAMR117870 

Shothole Canyon 

WA 

Y 

N 

NA 

D. granariensis 

WAMR153949 

Bindoon Military Training Area 

WA 

Y 

N 

NA 

D. granariensis 

WAMR153946 

Bindoon Military Training Area 

WA 

Y 

Y 

EF532869 

D. granariensis 

WAMR153947 

Bindoon Military Training Area 

WA 

Y 

N 

NA 

D. granariensis 

WAMR153948 

Bindoon Military Training Area 

WA 

Y 

Y 

NA 

D. granariensis 

WAMR153950 

Bindoon Military Training Area 

WA 

Y 

N 

NA 

D. granariensis 

WAMR132023 

4km W. of Dryandra Settlement 

WA 

Y 

Y 

NA 

D. granariensis 

WAMR112106 

20km S.W Paynes Find 

WA 

Y 

Y 

EF532867 

D. granariensis 

WAMR144551 

Mt Jackson 

WA 

Y 

Y 

EF532870 

D. granariensis 

WAMR112102 

86km north of Meekatharra 

WA 

Y 

Y 

EF532865 

D. granariensis 

WAMR112103 

86km north of Meekatharra 

WA 

Y 

Y 

EF532863 

D. granariensis 

WAMR113191 

35 km S of Kumarina 

WA 

Y 

Y 

EF532866 

D. granariensis 

WAMR145285 

Hill 50 Mine, Mount Magnet 

WA 

Y 

N 

NA 

D. granariensis 

WAMR144718 

Bungalbin 

WA 

Y 

Y 

NA 

D. granariensis 

WAMR140415 

3km S. of Vivien Mine 

WA 

Y 

Y 

EF532868 

D. granariensis 

WAMR132504 

Jundee 

WA 

Y 

Y 

NA 

D. granariensis 

WAMR141120 

15km ENE Wildara Pinnacle 

WA 

Y 

N 

NA 

D. granariensis 

WAMR141121 

15km ENE Wildara Pinnacle 

WA 

Y 

N 

NA 

D. granariensis 

WAMR141122 

15km ENE Wildara Pinnacle 

WA 

Y 

N 

NA 

D. granariensis 

WAMR127572 

Goongarrie 

WA 

Y 

Y 

EF532871 

D. granariensis 

WAMR145448 

Loma Glen Station 

WA 

Y 

N 

NA 

'Southern' 

WAMR140941 

27.5 km SSE Peak Eleanora 

WA 

Y 

Y 

EF532882 

'Southern' 

SAMAR24763 

Stenhouse Bay 

SA 

Y 

Y 

EF532874 

D. mitchelli 

WAMR146604 

198km S. Port Hedland 

WA 

Y 

N 

NA 

D. mitchelli 

WAMR146630 

198km S. Port Hedland 

WA 

Y 

N 

NA 

D. mitchelli 

WAMR146631 

198km S. Port Hedland 

WA 

Y 

N 

NA 

D. mitchelli 

WAMR146632 

198km S. Port Hedland 

WA 

Y 

Y 

EF532857 

D. mitchelli 

WAMR152704 

Chichester Range 

WA 

Y 

Y 

EF532858 

D. mitchelli 

WAMR113618 

Not avaliable 

WA 

Y 

N 

NA 

D, mitchelli 

WAMR113642 

37km NNE Auski Roadhouse 

WA 

Y 

Y 

EF532857 

D. mitchelli 

SAMA R60439 

Roy Hill area 

WA 

N 

Y 

NA 

D. ornatus 

WAMR120060 

3km E. of Greenough River Mouth 

WA 

Y 

Y 

EF532859 

D. ornatus 

WAMR99299 

False Entrance Tank 

WA 

Y 

Y 

EF532860 

D. ornatus 

WAM100000 

False Entrance Tank 

WA 

Y 

N 

NA 

D. ornatus 

WAMR119295 

Wicherina Dam 

WA 

Y 

N 

NA 

D. pulcher 

SAMAR32183 

47km N Muckera Roadhouse 

SA 

Y 

Y 

EF532840 

D. pulcher 

WAMR120668 

Carnarvon Basin Survey 

WA 

N 

Y 

EF681789 

D. pulcher 

SAMA R26383 

Near Cook 

SA 

Y 

N 

EF532839 
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Abstract - The paper contributes to the systematics of the family Cyprididae 
and to a description of the general ostracod biodiversity in Australia. 
Riocypris hinzeae sp. nov., is described from wells in the Murchison region 
(Western Australia). This is the second species described in the genus, 
previously known from South America. Another two species are transferred 
into this genus: Riocypris fitzroyi (McKenzie, 1966) comb. nov. and R. fontana 
(Graf, 1931) comb. nov. Cyprinotus cingalensis Brady, 1886, collected from 
wells in the Pilbara Region (Western Australia), is redescribed. Populations of 
some other described Cyprinotus species show extreme variability in 
morphology and length of the carapace and the following species are thus 
synonymized with C. cingalensis: C. dahli Sars, 1896; C. uenoi Brehm, 1936; 
C. kimberleyensis McKenzie, 1966 and C. edwardi McKenzie, 1978. The 
morphological variability in carapace shape and uniformity of the internal 
morphology of the species Bermelongia australis s. 1. (Brady, 1886), here 
reported from the Murchison Region, confirms the need for a revision of the 
genus Bermelongia because correct identification of many representatives of 


this genus is almost impossible. 

INTRODUCTION 

In Australia, the family Cyprididae Baird, 1845, is 
represented by 11 subfamilies, 32 genera and 110 
species. King (1855) first recorded this ostracod 
group in Australia but the most significant 
contributions to our recent knowledge of the living 
Cyprididae from this continent have been made by 
the late Dr Ken McKenzie and Professor Patrick De 
Deckker (McKenzie 1966a, 1966b, 1978; De Deckker 
1974,1976,1979a, 1979b, 1981a, 1981b, 1981c, 1982a, 
1982b, 1982c). Most recently Halse and McRae 
(2004), Martens et al. (2004) and Karanovic (2005a) 
described some new Cyprididae taxa, breaking an 
hiatus of more than 20 years since the last 
Cyprididae ostracod description from Australia. 

The most diverse Cyprididae subfamily in 
Australia is Eucypridinae Bronstein, 1947 with eight 
genera and 26 species, followed by Herpeto- 
cypridinae Kaufmann, 1900 with five genera and 19 
species. The rest of the nine Cyprididae subfamilies 
in Australia are represented as follows: Cyprettinae 
Hartmann, 1963 with two genera and eight species; 
Cypricercinae McKenzie, 1971 with two genera and 
five species; Cypridinae Baird, 1845 with two genera 
and 11 species; Cypridopsinae Kaufmann, 1900 with 
three genera and five species; Cyprinotinae 
Bronstein, 1947 with four genera and 14 species; 
Diacypridinae McKenzie, 1978 with two genera and 
16 species; Ngarawinae De Deckker, 1979 with one 


genus and one species; and Scottiinae Bronstein, 1947 
with two genera and four species. The subfamilies 
Diacypridinae and Ngarawinae are endemic to 
Australia. 

According to Halse (2002) there are about 121 
Cyprididae species recognized in Western 
Australia, of which only 55 have been described. In 
the present paper I report on three species collected 
from northwestern Western Australia during 
various investigations of the subterranean waters of 
the Murchison and Pilbara regions. They often 
occur in great numbers in wells although they are 
all surface water species. A new species of the 
genus Riocypris Klie, 1935 is described, a genus 
until now known only from the type species 
described from Uruguay (Klie 1935). Beside the new 
species, two other species already known from 
Australia, are transferred to the genus Riocypris . 
The second species dealing with in this paper is 
Cyprinotus cingalensis Brady, 1886, described from 
Southeast Asia (Brady 1886a), but latter found in 
Queensland (Sars 1889). After finding great 
variability in populations collected from the Pilbara 
region, the following species are synonymized with 
it: C. dahli Sars, 1897; C. kimberleyensis McKenzie, 
1966 and C. uenoi Brehm, 1936. The last species 
presented in this paper is identified as Bermelongia 
australis s. 1. (Brady, 1986). While a detail revision 
of the genus Bennelongia De Deckker and 
McKenzie, 1981 is in progress (Martens and Halse, 
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in preparation), the present record deals with the 
status of the genus in the subfamily Cypridinae. In 
general, this paper contributes to a better 
understanding of the entire family Cyprididae, both 
in Australia and globally. This family is in urgent 
need of revision. When Hartmann and Puri (1974) 
published their work on the classification of the 
Recent and Fossil ostracods, there were 21 
subfamilies recognized in the family Cyprididae 
(the subfamily Cypridopsinae was given family 
status). This was, and still is by'far the greatest 
number of subfamilies in any of the families of the 
superfamily Cypridoidea. According to Martens 
(1990) today about 30 subfamilies are recognized 
within the family Cyprididae, many of them hard 
to distinguish. Some of the subfamilies have been 
revised in the last 20 years (Martens 1986, 1989, 
1990, 1992) but there is still much work to be done 
to resolve the systematics of the family. This paper 
contributes to the systematics of the family with one 
new description and two redescriptions, a 
consideration of the taxonomy of the subfamily 
Eucipridinae, and by proposing some re¬ 
arrangements of the genera within some other 
Cyprididae subfamilies. 

MATERIAL AND METHODS 

Samples were collected with haul-nets (mesh size 
50, 250 or 350 micrometers) from wells. Samples 
were sorted under a dissecting microscope, either 
while alive (sample prefix BES) or after fixation in 
70% or 100% ethyl-alcohol (PSS). 

Ostracods were dissected in a mixture of distilled 
water and glycerol (1:1) with fine entomological 
needles (size 000). Dissected appendages and valves 
of some specimens were mounted in Faure's 
medium. The appendages of some specimens were 
mounted on slides in glycerol, while their valves 
are kept on micropalaeontological slides or in glass 
test-tubes in 70% alcohol. All non-dissected 
material is preserved in 70% ethyl-alcohol in glass 
test-tubes. Drawings have been prepared using a 
drawing tube attachment on Leica-DMLS 
microscope, with C-PLAN achromatic objectives. 
All the material is deposited in the Western 
Australian Museum (WAM). 

In the systematic part of this paper the length of 
all segments was measured in the middle of the 
segments, and length ratios are presented beginning 
with the proximal end. The terminology of the 
appendages follows Martens (1998), while 
chaetotaxy of all limbs follows the model proposed 
by Broodbakker & Danielopol (1982), revised for 
the antenna by Martens (1987). Terminology of the 
second and third thoracopods follow Meisch (1996), 
while setae on the antennula are labeled according 
to Karanovic (2005b). No abbreviations are used in 
the text. 


SYSTEMATICS 
Family Cyprididae Baird, 1845 
Subfamily Eucypridinae Bronstein, 1947 
Genus Riocypris Klie, 1935 
Riocypris Klie 1935: 289. 

Type species 

Riocypris uruguayensis Klie, 1935, by original 
designation. 

Other species 

Riocypris fitzroyi (McKenzie, 1966) comb, nov.; 
Riocypris hinzeae sp. nov.; and Riocypris fontana 
(Graf, 1931) comb. nov. 

Amended diagnosis 

Right valve with inwardly displaced selvage at 
least anteriorly. Selvage on left valve, if present, 
usually peripheral. Inner list prominent, especially 
on left valve. Maxillular palp cylindrical. First 
endopodal segment on antennula elongated. 
Prehensile palps asymmetrical, seta "c" absent on 
protopod of first thoracopod. Proximal basal seta 
on walking leg considerably longer than distal one 
(usually three times), penultimate segment on the 
same leg clearly divided. Penultimate segment on 
cleaning leg with only one seta. Caudal ramus thin 
and elongated, both claws and setae present, 
posterior seta not transformed into claw. 
Attachment simple. 

Remarks 

The genus Riocypris Klie, 1935, was described 
from Uruguay (Klie 1935), and was previously 
known from only the type species, R. uruguayensis 
Klie, 1935. The new species differs from the type 
species by the shape of the carapace which is highly 
arched in the type species, giving a triangular 
appearance to the carapace. The dorsal margin in 
the new species is slightly rounded, almost flat. In 
addition, the selvage is more inwardly placed in R. 
uruguayensis. In the diagnosis of the genus, Klie 
(1935) pointed out the internal morphology of the 
valves as one of the most important features, 
especially the asymmetry of the valves, where the 
right one has salvage inwardly placed. The internal 
morphology of the valves distinguishes the genus 
Riocypris from the closely related genus Eucypris 
Vavra, 1891, where selvage (if present) is always 
marginally situated (Martens 1989). The internal 
morphology of the genus Riocypris resembles that 
of the genera Prionocypris Brady and Norman, 
1896, Tonnacypris Diebel and Pietrzeniuk, 1975, 
Trajancypris Martens, 1989 and Koencypris Meisch, 
2000. All three genera are known only from the 
Palearctic, while the genus Eucypris has a 
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Cosmopolitan distribution. From the genera 
Prionocypris, Tonnacypris and Trajancypris, the 
genus Riocypri. s differs by the cylindrical shape of 
the terminal segment of the maxillular palp. This 
segment is spatulate (distally enlarged) in the three 
genera. On the other hand, this segment is also 
cylindrical in the genus Koencvpris, which is 
known only from the type species K. ornata 
(Muller, 1776), transferred from the genus Eucypris 
by Meiseh (2000). The similarity between 
Koencvpris and Riocypris is indeed large, but the 
caudal ramus in the former genus is much shorter 
than in the genus Riocypris. Unfortunately, 
Koencvpris is known only from females. Beside the 
new species, I propose here to include the following 
two species in the genus Riocypris: Candonocypris 
titzroyi McKenzie, 1966 and Eucypris fontana Graf, 
1931. The first species was collected from the 
Fitzroy River in Western Australia (McKenzie, 
1966b). The reason why McKenzie (1,966b) included 
this species into the genus Candonocypris Sars, 
1896, is not clear, as the main diagnostic character 
of the genus is the presence of two setae on the 
penultimate segment of the cleaning leg, but this 
was not described for C. titzroyi. I believe that this 
species could not possibly belong to the genus 
Candonocypris because of the shape of the terminal 
segment of the maxillular palp, which is spatulate 
in all species, while in C. titzroyi it is cylindrical. 
Also, species of the genus Candonocypris have 
more claw-like appearance of the posterior seta on 
the caudal ramus, while it is clearly seta like in C 
titzroyi . Riocypris titzroyi (McKenzie, 1966) comb, 
nov. is in fact very similar to R. hinzeae sp. nov. 
having an almost identical valve shape and also the 
internal morphology of the valves. They differ in 
the length of the anterior seta on the caudal ramus, 
which is much longer in R. titzroyi. Also, this 
species has a longer posterior claw, compared with 
the anterior one, than the new species. Riocypris 
titzroyi is known only from females, and possible 
finding of males may eventually reveal even greater 
proximity of the two species. Eucypris fontana 
(Graf, 1931) was described from South Georgia, and 
later recorded from Signy Island, both in the sub- 
Antarctic (De Deckker 1981c). In this species, the 
selvage is clearly inwardly displaced anteriorly on 
the right valve, while it is peripheral on the left one. 
However, De Deckker (1981c) claimed that the 
position of selvage is typical for Eucypris species, 
which obviously is not correct. The presence of the 
knobs on the outside of the shell near the anterior 
margin (best observed in dorsal view) visible on the 
E. fontana, and common in the genus Eucypris led 
De Deckker (1981c) to the wrong conclusion. 
Riocypris fontana (Graf, 1931) comb, nov., also 
known only from females, differs from the other 
species of the genus by its ornamented shell. 

Eucypris obtonga (Sars, 1896) should tentatively 


be included in the genus Riocypris. It seems to have 
selvage inwardly displaced on the right valve, but 
many other details of its morphology are obscure 
owing to the brief description. This new 
arrangement leaves the genus Eucypris with only 
one representative in Australia, Eucypris virens 
(Jurine, 1820). This is a cosmopolitan species, 
recorded from Australian inland waters by De 
Deckker (1982c). For the future investigation, it 
must be pointed out that many species described 
from South Africa, and assigned to the genus 
Eucypris by Sars (1924) obviously cannot belong 
there. This genus is in urgent need of revision and 
this may lead to the conclusion that at least 
Riocypris and Koencvpris are its junior synonyms, 
because the morphology of the maxillular palp and 
length ratio between basal setae on the walking leg 
are the same in these genera. Also, the morphology 
of the male reproductive organs and prehensile 
palps are identical in Eucypris and Riocypris. 
Another genus, which has the same appearance of 
the maxillular palps and male sexual features, is the 
Australian genus Alboa described by De Deckker 
(1981a) from South Australia. This genus was 
erroneously placed in the subfamily Cyprinotinae 
by De Deckker (1981a), and should instead be in the 
subfamily Eucypridinae. In contrast to both 
Eucypris and Riocypris, the left valve in the genus 
Alboa has inwardly displaced selvage, while it is 
peripheral on the right valve. Therefore, the 
subfamily Eucypridinae has the following genera: 
Alboa, Eucypris , Prionocypris , Riocypris , 
Tonacypris, and Ttrajancypris. In my opinion the 
tribe Mytilocypridini, formed and placed in the 
Eucypridinae by De Deckker (1974) should be 
removed from the subfamily because the species of 
the tribe have a very different morphology of the 
male reproductive organs, including Zenker's 
organs with more than 60 rosettes and symmetrical 
prehensile palps. The position of Mytilocypridini is 
uncertain, but it is more closely related to the 
gigantic ostracod genera of the subfamily 
Megalocypridinae Rome, 1965, than to the 
subfamily Euey pridinae. 

Riocypris hinzeae sp. nov. 

Figures 1-5 

Material examined 

Holotype 

Australia: Western Australia: 6, Friday Well, 
Depot Springs, Murchison region, 28°04'S, 120°04'E, 
28 June 2000, W.F. Humphreys, S. I linze (BES: 8410) 
(WAM C35693, slide). 

Allotypte 

Australia: Western Australia: 9, collected with 
holotype (WAM C36694, slide). 
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Figure 1 Riocypris hinzei sp. nov., holotype male: A, left valve, internal view; B, right valve, internal view; C, 
carapace, lateral view from left side; D, carapace, dorsal view; E, carapace, ventral view; F, right valve, 
anterior margin; G, maxillular palp; H, tooth on the third endite of maxillula. Scales « 0.1 mm. 
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Para types 

Australia: Western Australia: 5 6 , 18 9, 10 

juveniles, collected with holotype (WAM C35695, 
in alcohol) 

Other material 

Australia: Western Australia: 2 6, Puncture Well, 
Depot Springs, Murchison region, 28°07’S, 120 OAT., 
28 June 2000, W.F. Humphreys, S. I lin/e (HI S: 8417) 
(WAM C35696, in alcohol); 1 ?, New Well, 
Murchison region, 28°54’S, 119°10'E 15 May 2001, 
W.F. Humphreys, C.Fl.S. Watts, S. Cooper (BES: 
7280) (WAM C35697, in alcohol); 14 <J, 11 9, 2 
juveniles, Friday Well, Depot Spring Station, 
Murchison region, 28 03'S, 120 OFF, 14 May 2001, 
W.F. Humphreys, C.H.S. Watts and S. Cooper (BFS: 
6649) (WAM C35698, in alcohol). 

Diagnosis 

The new species differs from all its congeners by 
the following combination of characters: dorsal 
margin of the carapace evenly rounded, almost flat; 
carapace surface smooth; anterior seta on the caudal 
ramus very short, not reaching 1/3 of length of 
anterior claw. 

Description 

Male (holotype) 

Length 1. 04 mm. Greatest height in front of 
middle, equalling 51% of length (Figure 1A-C). 
Greatest width around middle, equalling 44% of 
length (Figure ID). Carapace elliptical in lateral 
view 7 . Anterior margin wider than posterior one; 
dorsal margin slightly rounded; ventral margin 
straight. Left valve (Figure 1A), with small dorsal 
flange; selvage peripheral all around margins, inner 
list well developed anteriorly, much lesser 
posteriorly. Inner calcified lamella equalling 22% of 
length anteriorly, and only 5% posteriorly. 
Marginal pore canals straight and longer around 
mouth region. Right valve (Figure IB) without well 
developed inner list. Salvage displaced internally 
all around free margins (Figure IF). Right valve 
smaller than left one (Figure 1C). Left valve 
overlaps right one on all free margins (Figure 1C - 
E). Carapace surface covered with hairs and surface 
not ornamented. 

Antennula (Figure 3B, C) 7-segmented. Protopod 
with both exopodal setae developed. Proximal 
coxobasal seta missing, while distal one well 
developed. First end op o dal segment with one 
anterior seta, not reaching middle of following 
segment. Second segment with one posterior and 
one anterior seta, both very short. Third endopodal 
segment with two short posterior and two long 
anterior setae. Fourth and fifth segments with four 
long swimming setae. Terminal segment with one 
aesthetasc, two long swimming setae and one half 


as long as aesthetasc. Aesthetasc eight times longer 
than terminal segment. Length ratios between five 
terminal segments: 4.6 : 2 ; 1.4 : 1.7 :L Swimming 
setae extending far beyond terminal segment 
(Figure 3C). 

Antenna (Figure 3A) with swimming setae 
reaching tip of terminal claws. Shortest seta among 
them not reaching middle of penultimate segment. 
Penultimate segment medially with two setae on 
exterior side and four setae on interior side. Setae 
/1 and 7,2 transformed into long claws, as long as 
first endopodal segment, z3 seta like and reaching 
middle of terminal daws. Claw 7 G2 as long as 
transformed z setae, While* claws G1 and G3 
transformed into setae, former one reaching 2/3 of 
terminal daws, later one two times longer than 
terminal segment. Terminal segment with claw Cm 
well developed and almost reaching tip of other 
daws, while Gm less than half as long as Cm. 
Aesthetasc Y 0.5 times as long as first endopodal 
segment, y2 reaching distal end of terminal 
segment, while v3 three times longer than same 
segment. Length ratios between endopodal 
segments equalling 7:5:1. 

Mandibula (Figure 4A, C, E) with strong coxa 
bearing eight strong teeth (Figure 4A, E). Palp with 
both S setae well developed. Alpha seta bare and 
short. Second segment with 3+2 setae in bunch, and 
three setae on external side. Gamma seta on 
penultimate segment short, stout and covered w 7 ith 
short settulae. Terminal segment with one strong 
claw. 

Rake like organ (Figure 4B) with 11 and 12 teeth. 

Maxillular palp (Figure 1G) w 7 ith six long and one 
short seta (situated on opposite side from long 
ones) on penultimate segment. Terminal segment 
elongated 3 times longer than wide. Teeth on first 
endite slightly serrated (Figure 1H). 

First thoracopod (Figure 2B, C), wdth two "a" 
setae, and "b" and "d" seta on protopod. Endopod 
transformed into palps: right one (Figure 2B) with 
much stronger finger than left one (Figure 2C). 
Exopod with six rays. 

Second thoracopod (Figure 2F) with two setae on 
basal segment: proximal one (d 1) more than three 
times longer than distal one (d2). Seta on first 
endopodal segment not reaching distal end of 
following segment, seta on following segment 
exceeding distal end of terminal segment. Both 
setae on penultimate segment short. Terminal claw 7 
1.3 times longer than three endopodal segments 
combined. 

Third thoracopod (Figure4D) with all three basal 
setae present. Generally, this appendage typical for 
entire family. 

Caudal ramus (Figure 2D, H) with long and thin 
ramus, with raw of setae on posterior margin. 
Anterior seta very short, posterior one situated law 
on ramus and slightly exceeding its tip. Anterior 
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Figure 2 Riocypris hinzei sp. nov., holotype male: A, hemipenis; B, right prehensile palp; C, left prehensile palp; D, 
distal part of the caudal ramus; E, Zenker's organ; F, second thoracopod; G, attachment of the caudal ramus; 
H, caudal ramus. Scales = 0.1 mm. 
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Figure 3 Riocypris hinzei sp. nov., holotype male: A, antenna; B, C, antennuia. Scales ~~ 0.1 mm. 
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Figure 4 Riocypris hinzei sp. nov., holotype male: A, mandibular coxa, B, forehead and rake-like organ; C, mandibular 
palp; D, third thoracopod; E, distal part of the mandibular coxa. Scales = 0.1 mm. 
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Figure 5 Riocypris hinzei sp. nov., allotype female: A, right valve, internal view; B, left valve, internal view; C, 
antenna, D, protopod of the first thoraeopod; 1 , caudal ramus distal part; E, caudal, ramus. Scales = 0.1 mm. 
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claw almost two times longer than posterior one. 
Length ratio of anterior margin and anterior claw 
equalling 2.3 : 1. Attachment of ramus (Figure 2G) 
simple. 

Hemipenis (Figure 2A) with coiled internal 
canals. Lobe "a" higher than lobe "b", both lobes 
being bluntly pointed. Zenker's organ (Figure 2E) 
with numerous rows of spines. 

Female (allotype) 

Length of carapace 1.09 mm. Shape and other 
features same as in male. 

Antenna (Figure 5C) with all three z setae long 
and all claws well developed and subequally long. 

First thoracopod (Figure 5D) with three setae on 
tip of endopod. 

Caudal ramus and genital field (Figure 5E, F). 
Length ratio between anterior margin and anterior 
claw equalling 2.2 :1. Genital field rounded. 

All other appendages similar to one in male. 

Etymology 

The new species is named after Ms Susan Hinze, 
one of the collectors of the material. The name is to 
be treated as a noun in the genitive singular. 

Subfamily Cyprinotinae Bronstein, 1947 
Genus Cyprinotus Brady, 1886 

Cyprinotus Brady, 1886a: 302. 

Type species 

Cyprinotus cingalensis Brady, 1886, by original 
designation. 

Remarks 

The genus Cyprinotus Brady, 1886 belongs to the 
subfamily Cyprinotinae, together with the genera 
Heterocypris Claus, 1892, Hemicypris Sars, 1903 and 
Homocypris Sars, 1924. The similarity between the 
genera Cyprinotus and Heterocypris has been 
discussed extensively in the literature (Meisch 2000). 
The only difference between the two genera is the 
presence of a hump-like dorsal extension on the right 
valve in the former genus, which can be traced 
through the geological record (Malz 1976). There are 
about 12 Recent species that can be assigned to 
Cyprinotus with certainty and many more Fossil 
ones. The genus is presently distributed in Africa, 
Southeast Asia and Australia. Pinto and Purper 
(1965) described Cyprinotus trispinosus Pinto and 
Purper, 1965 from Brazil, but this species can hardly 
belong to the genus Cyprinotus , because of the 
appearance of the caudal ramus and the terminal 
segment of the maxillula. Its long caudal ramus with 
very short setae suggests the species is more closely 
related to the genus Strandesia Stuhlmann, 1888 than 
to the genus Cyprinotus. In fact, the Triebel loop on 


the attachment of the caudal ramus, characteristic of 
the genus Strandesia , seems to be present in the 
species C. trispinosus (see plate 6, figure 5 in Pinto 
and Purper 1965). Where Australia is concerned, the 
following six species of the genus Cyprinotus have 
been recorded so far: C. carinatus (King, 1855), C. 
cingalensis Brady, 1889; C. dahli Sars, 1897; C. fuscus 
Henry, 1919; C. kimberleyensis McKenzie, 1966 and 
C. edwardi McKenzie, 1978). Cyprinotus carinatus 
and C fuscus were described from south-eastern 
Australia (King 1855; Henry, 1919); C. cingalensis 
was originally described from Sri Lanka by Brady 
(1886a) but later recorded throughout Southeast Asia 
and found by Sars (1889) in Queensland. Cyprinotus 
kimberleyensis and C. dahli were both described 
from north-western Australia (Sars 1896; McKenzie 
1966b). Cyprinotus kimberleyensis was also recorded 
from Japan (Okubo 1974). The species C edwardi 
was described from Lake Wagin in Western 
Australia, but it is widely distributed in southern 
Australian lakes (McKenzie 1978). When McKenzie 
(1966b) described the species, he pointed out that it 
is closely related to C. cingalensis and C. dahli from 
which it differs by the smaller size and the shape of 
the hump. However, I have examined populations 
from the Pilbara in which both size (lengths from 
1.05 mm to 1.4 mm) and the appearance of the dorsal 
hump are very variable. Similar variation was 
observed in the northern Kimberley (Halse et al. 
1996; S. Halse, pers. comm.). Therefore, I consider C. 
dahli and C. kimberleyensis to be junior synonyms 
of C. cingalensis. Their soft parts are almost identical, 
as are those of C. uenoi which was described from 
China (Brehm 1936) but was subsequently found 
both in Southeast Asia (Victor and Fernando 1981) 
and Japan (Okubo 1974). Thus C. uenoi is here also 
synonymized with C. cingalensis ; this species Is now 
seen to be widely distributed throughout Southeast 
Asia and north-western Australia. The same case is 
also with C. edwardi. McKenzie (1978) mentioned 
only a slightly more flexuous appearance of the 
carapace in dorsal view, as the only difference 
between his newly described species and both C. 
dahli and C. kimberleyensis. So, I consider C. 
edwardi a junior synonym of C. cingalensis. The two 
species recorded from the southeastern Australia 
differ from C. cingalensis by the pronounced ventral 
extension of the right valve. 

Cyprinotus cingalensis Brady, 1886 

Figures 6-9 

Cyprinotus cingalensis Brady 1886a: 302, plate 38, 

figures 28-30; Sars 1889: 25, plate 1, figures 5-6, 

plate 3, figure 12; Victor and Fernando, 1979: 

180, figures 125-126. 

Cyprinotus dahli Sars 1896: 24, plate 4, figures 1-5. 

New synonymy. 
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Figure 6 Cypnnotus cingalensis Brady, 1889, A~F., male (length, 1.3 mm) from Government Well #40; F-G, male 
(length, 1.05 mm) from Ten Mile Well: A, right valve, internal view; B, carapace, dorsal view; C, left valve, 
internal view; D, right valve, anterior margin; ! , right valve, posterior margin; F, right valve, internal view; 
G left valve, internal view. Seales - 0.1 mm. 
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Figure 7 Cyprinotus cingalensis Brady, 1889, male (length, 1.3 mm) from Government Well #40: A, hemipenis; B, 
third thoracopod; C, third thoraeopod, distal part; D, right prehensile palp; E, left prehensile palp; F, tooth 
on the third thoraeopod endite of the maxillular palp; G, gamma seta on the mandibular palp; H, maxillular 
palp; I, alpha and beta setae on the mandibular palp. Scales ** 0.1 mm. 
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Cyprinotus uenoi Brehm 1936: 374, figures 1-4; 
Oku bo, 1974: 63, figure 3; Victor and Fernando, 
1981: 13, figures 1-17. New synonymy. 

Cyprinotus kiniberleyensis McKenzie 1966b: 262, 
figures 2 A F; Oku bo, 1974: 66, figures 2, 4. New 

synonymy. 

Cyprinotus edwardi McKenzie 1978: 182, figures 8- 
10, 29, 52-57. New synonymy. 

Material examined 

Australia: Western Australia: 1 6,2 9 , Govern¬ 
ment Well #40, Savory 2, Pilbara Region, 23°51 , 49"S / 
120°09'02.4"E, 21 June 2004, M. Scanlon, J. Cocking 
(PSS 280) (WAM C35699-357Q1, on slides); 1 f, 1 
empty shell, 6 half shells, Helen’s Well, Pilbara 
Region, 20°52T3.1"S, 120 20'44.2"E, 12 September 
2004, M. Scanlon, ]. Cocking (PSS 404) (WAM 
C35702, in alcohol); 46 9 , 22 juveniles and 100 half 
and empty shells. Ten Mile Well, WAR 11, Pilbara 
Region, 20°51 , 34.2"S / 120°32'45' , E, 11 September 
2004, M. Scanlon, J. Cocking (PSS 401) (WAM 
C35703, in alcohol); numerous whole animals, half 
and empty shells. Ten Mile Well, WAR 11, Pilbara 
Region, 20°51'34.2"S, 120°32 , 45"E, 7 May 2005, M. 
Scanlon, J. Cocking (PSS 401) (WAM C35704, in 
alcohol). 

Redescription 

Male 

Length of left valve around 1.3 mm. Greatest 
height in front of middle, equalling 62% of length 
(Figure 6C). Right valve smaller than left one and 
1.2 mm long; greatest height situated behind middle 
and equalling 68% of length (Figure 6A). Greatest 
width behind middle, equalling 45% of length 
(Figure 6B). Carapace subtriangular in lateral view. 
Anterior and posterior margins equally wide; 
dorsal margin highly arched; ventral margin 
straight. Left valve (Figure 6C), with small dorsal 
flange; selvage peripheral all around margins. Inner 
calcified lamella equalling only 8% of length both 
anteriorly and posteriorly. Marginal pore canals 
straight and short. Right valve (Figure 6A) with 
well developed dorsal flange which overlaps left 
valve. Salvage displaced internally on both anterior 
and posterior margins (Figure 6D, E); both free 
margins carrying row of blunt teeth. Left valve 
overlaps right one on all free margins, except 
dorsally. Carapace surface covered with hairs and 
surface ornamented with small pits (Figure 9A). 

An tennu la (Figure 9E) 7-segmented. Protopod 
with both exopodal setae developed. Proximal 
coxobasal seta transformed into sensory organ, 
while distal one well developed. First endopodal 
segment with one anterior seta, not reaching middle 
of following segment. Second segment with one 
posterior and one anterior seta, both very short. 
Third endopodal segment with two short posterior 


and two long anterior setae. Fourth and fifth 
segments with four long swimming setae each. 
Terminal segment with one aesthetasc, two long 
swimming setae and one half as long as aesthetasc. 
Length ratios between five terminal segments: 2.9 : 
1.9 : 1 : 1 : 1. Swimming setae extending far beyond 
terminal segment. 

Antenna (Figure 8A, E) with swimming setae 
exceeding tip of terminal claws. Shortest seta 
among them reaching middle of penultimate 
segment. Penultimate segment medially with two 
setae on exterior side and four setae on interior side. 
Setae zl and z2 transformed into long claws, z3 seta 
like. Claw G2 long, G1 short but seta like, G3 
transformed into seta. Terminal segment with claw 
Cm well developed and almost reaching tip of other 
claws, while Gm less than half as long as Gm. 
Aesthetasc Y 0.3 times as long as first endopodal 
segment, y3 as long as terminal segment. Length 
ratios between endopodal segments equalling 4 : 
3.5 : 1. 

Mandibular seta alpha tiny, beta seta better 
developed (Figure 71), while gamma seta conical, 
short and strong (Figure 7G). 

Maxiilular palp (Figure 7FI) with six long and one 
short seta (situated on opposite side from long 
ones) on penultimate segment. Terminal segment 
elongated two times longer than wide. Teeth on 
first endite strongly serrated (Figure 7F). 

First thoracopod (Figure 7D, E), with two "a" 
setae, and "b" and "d" seta on protopod. Endopod 
transformed into palps: right one (Figure 7D) with 
much stronger finger than left one (Figure 7E). 
Exopod with six rays. 

Second thoracopod (Figure 9D) with one seta on 
basal segment. Seta on first endopodal segment not 
reaching distal end of following segment, seta on 
following segment exceeding distal end of terminal 
segment. Terminal daw 1.3 times longer than three 
endopodal segments combined. 

Third thoracopod (Figure 7B, C) with all three 
basal setae present. Generally, this appendage 
typical for entire family. 

Caudal ramus (Figure 8C) with long and thin 
ramus, with row of setae on posterior margin. 
Anterior seta reaching 1/3 of anterior claw, 
posterior one situated law on ramus and almost 
reaching tip of posterior claw. Anterior claw more 
than two times longer than posterior one. Length 
ratio of anterior margin and anterior claw equalling 
1.4 : 1. Attachment of ramus (Figure 8B) simple. 

Fiemipenis (Figure 7A) with coiled internal 
canals. Lobe "a" higher than lobe "b" and foot-like; 
lobe "b" rounded. One well-chitinised lobe present 
between lobes "a" and "b". 

Female 

Length of carapace 1.3 mm. Shape and other 
features same as in male (Figure 9A, B). 
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Figure 8 Cyprinotus cingalensis Brady, 1889, A-C, E male (length, 1.3 mm) from Government Well #40; D, F female 
(length, 1.3 mm) from Government Well #40: A, antenna; B, attachment of the caudal ramus; C, caudal 
ramus; D, attachment of the caudal ramus; E, F, antenna, detail. Scales = 0.1 mm. 
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Figure 9 Cyprinotus cingalensis Bradv, 1889, female (length, 1.3 mm) from Government Well #40: A, carapace, lateral 
view from right side; B, left valve, internal view; C, caudal ramus and the genital field; D, second thoraeopod; 
E, antennula. Scales = 0. 1 mm. 
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Antenna (Figure 8F) with all three z setae long, 
claw G2 being much shorter than other long claws. 

Caudal ramus and genital field (Figure 9C). 
Length ratio between anterior margin and anterior 
claw equalling 1.4 :1. Genital field rounded. 

AH other appendages similar to those in male. 

Subfamily ?Cypridinae Baird, 1845 

Genus Bennelongia De Deckker and McKenzie, 
1981 

Bennelongia De Deckker and McKenzie 1981: 53. 

Type species 

Bennelongia harpago DeDeckker & McKenzie, 
198, by original designation. 

Remarks 

The genus Bennelongia DeDeckker and 
McKenzie, 1981, was described and is so far only 
known from Australia. Today, it contains six 
recent species (DeDeckker and McKenzie 1981; 
DeDeckker 1981a, 1982b): B. australis (Brady, 
1886), B. barangaroo De Deckker, 1981, B. harpago 
De Deckker and McKenzie, 1981, B. nimala De 
Deckker, 1981, B. piripi De Deckker, 1981, and B. 
tunta De Deckker, 1982. The genus was erected to 
distinguish the Australian group of species that 
are closely related to the genus Chlamydotheca 
Saussure, 1858, from those in South America, 
where most members occur. The Australian genus 
differs from Chlamydotheca mainly in having 
asymmetrical prehensile palps. Both genera were 
placed in the subfamily Cypridinae, but cannot 
remain there following the new diagnosis 
consequent on the revision of this subfamily 
(Martens 1990, 1992). The subfamily Cypridinae 
is characterized by "8"-shaped loops in the inner 
spermiducts but this is not present in either 
Bennelongia or Chlamydotheca. A revision of the 
genus Bennelongia is in progress (K. Martens and 
S. Halse, in preparation). The species presented 
in this paper is identified as B. australis (Brady, 
1886) originally described in the genus 
Chlamydotheca by Brady (1886b), and it has a 
wide distribution in Australia. Unfortunately, the 
identity of most Bennelongia species is difficult 
to establish due to the variability in the carapace 
shape within one species and uniformity of the 
internal morphology. Therefore, the present 
identification remains uncertain until further 
revision of the genus. 

Bennelongia australis s. 1. (Brady, 1886) 

Figures 10-12 

Chlayidotheca australis Brady 1886b: 91, plate 9, 
figures 408. 


Bennelongia australis (Brady, 1886): DeDeckker 
1981a: 95, figures 3-6. 

Material examined 

Australia: Western Australia: 3 6, 19 9, Irwin 
Well, Millstream Aquifer, Pilbara Region, 21°40'S, 
117*09'E, 20 October 1996, W.F. Humphreys (BES: 
4564) (2 6, 1 2, WAM C35705-35707, on slides; the 
remainder, WAM C35708, in alcohol); 124 $ 29 <5, 
Irwin Well (net over outlet for two days), Pilbara 
Region, 21°40’S, 117°09'E, 20 October 1996, W.F. 
Humphreys (BES: 4013) (WAM C35709, in alcohol); 
2 9 CP 3 11/81, Chinderwariner (Crystal) pool, 
Millstream, Pilbara Region, 20°33’S, 118°14'E, 20 
October 1996, W.F. Humphreys (BES: 4468) (WAM 
C35710, in alcohol). 

Additional description 

Male 

Length around 1.7 mm. Greatest height in mid- 
anterior, equal to 50% of length (Figure 10C, D). 
Greatest width around middle, equalling 62% of 
length (Figure 10A, B). Carapace elliptical in lateral 
view. Anterior and posterior margins equally wide; 
dorsal margin slightly rounded; ventral margin 
straight or slightly concave. Left valve (Figure 10C), 
with small dorsal flange; selvage peripheral all 
around margins, inner list well developed anteriorly, 
much lesser posteriorly. Inner calcified lamella 
equalling 12% of length anteriorly, and only 6% 
posteriorly. Marginal pore canals straight. Right 
valve (Figure 10D) without well developed inner list. 
Selvage displaced internally on front margin. Antero- 
ventral "beak" better developed on right valve than 
left valve. Left valve overlaps right one on all free 
margins (Figure 10A, B, E). Carapace surface covered 
with hairs and ornamented with shallow pits. 

Antenna (Figure 11C) with swimming setae 
exceeding tip of terminal claws. Penultimate 
segment medially with two setae on exterior side 
and four setae on interior side. Setae zl and z2 
transformed into long claws, z3 seta like and 
reaching tip of terminal claws. Claw G2 as long as 
transformed z setae, while daws G1 and G3 
transformed. Terminal segment with claw Gm well 
developed and almost reaching tip of other claws, 
while Gm less than half as long as Gm. 

Rake like organ (Figure 111) with 7 teeth. 

Maxillular palp (Figure 11 EG) with six long and 
one short seta (situated on opposite side from long 
ones) on penultimate segment. Terminal segment 
elongated 3 times longer than wide. Teeth on first 
endite smooth (Figure 11F). 

First thoracopod with two "a" setae, and "b" and 
“d" seta on proto pod. Endopod transformed into 
palps: right one (Figure 10G) with much stronger 
finger than left one (Figure 10F). Exopod with six 
rays. 
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Figure 10 Bennelongia australis s. 1. (Brady, 1886), male (length, 1.7 mm) from Irwin Well: A, carapace, ventral view; 

B, carapace, dorsal chew; C, left valve, internal view; D, right: valve, internal view; E, carapace, frontal view; 
F, left prehensile palp; G, right prehensile palp. Scales =* 0.1 mm. 
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Figure 11 Bennelongia australis s. 1. (Brady, 1886), male (length, 1.7 mm) from Irwin Well; A, hemipenis; B, caudal 
ramus; C, antenna; D, second thoracopod; E, maxillular palp; F, tooth on the third endite of the maxillula; G, 
distal part of the third thoracopod; H, attachment of the caudal ramus; I, forehead and rake-like organ. 
Scales = 0.1 mm. 
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Figure 12 Bermelongia australis s. 1. (Brady, 1886), female (length, 1.7 mm) from Irwin Well: A, right valve, internal 
view; B, left valve, internal view; C, first thoracopod; D, antenna; E, caudal ramus and the genital segment. 
Scale = 0,1 mm. 
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Second thoracopod (Figure HD) with two setae 
on basal segment: proximal one (dl) more about 
two times longer than distal one (d2). 

Third thoracopod (Figure 11C) with all three 
basal setae present. Generally, this appendage 
typical for entire family. 

Caudal ramus (Figure 11B) with long and thin 
ramus, with row of small spines on posterior 
margin. Anterior seta short and equally long as 
posterior one. Anterior claw almost two times 
longer than posterior one. Length ratio of anterior 
margin and anterior claw equalling 1.6 : 1. 
Attachment of ramus (Figure 11H) simple. 

Hemipenis (Figure 2A) with coiled internal 
canals. Lobe “ a" higher than lobe "b", both lobes 
being bluntly pointed. 

Female 

Length of carapace about 1.7 mm. Shape and 
other features same as in male (Figure 12A-B). 

Antenna (Figure 12D) with all three z setae long 
and all claws well developed and subequally long. 

First thoracopod (Figure 12D) with three setae on 
tip of endopod. 

Caudal ramus and genital field (Figure 12E). 
Length ratio between anterior margin and anterior 
claw equalling 1.6 : 1. Genital field rounded. 

All other appendages similar to one in male. 
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Abstract - Four new species of Branchinella are described from Western 
Australia: B. multidigitata sp. nov., B. papillata sp. nov., B. pinderi sp. nov. 
and B. vosperi sp. nov. The name B. mcraei is corrected to B. mcraeae. New 
records of B. compacta and B. pinnata, previously known from eastern 
Australia, are also presented, bringing the number of Western Australian 
Branchinella species to 25. Fourteen of these are endemic, by far the greatest 
for any Australian state. This biodiversity hotspot for this genus and family is 
facilitated by localised distributions latitudinally and not by niche 
diversification; there are few svmpatric occurrences. Extremely turbid waters 
are common habitats. Some species distributed across the continent exhibit 
morphological differences in Western Australia. 


INTRODUCTION 

The genus Branchinella was established by Sayce 
(1903) to accommodate Bran chi pus. australiensis 
Richters, 1876, at the time known only from inland 
Queensland. This species, now known to be 
widespread (Timms, 2004), was first recognised in 
Western Australia by Wolf (1911) (as B. eyrensis). 
Wolf described the endemic B. longirostris in 1911, 
Dakin reported B. occidentals (as B. australiensis 
var. occidentalis ) in 1914, and Schwartz extended 
the list with B, dubia (as Podochirus dubia ) in 1917. 
Milner bought this total to six in 1929 with the 
description of B. wellardi and B. mirabilis , the latter 
synonymised with B . frondosa Henry, 1924. The last 
of these early taxonomists was Linder (1941) who 
described B. apophysata, B. denticulata, B. nichollsi 
and B. simplex, all endemics to Western Australia, 
and recognised the presence of widespread B. 
a ffinis (as B. at finis var. wonganensis). Of the eleven 
species then known in Western Australia, five were 
endemic to the area. 

More recently, Geddes (1981) described B. 
basispina from Western Australia and reported the 
widespread B. lyrifera to the state's fauna. Timms 
(2002) bought the state's total to 18, with the 
description of B. complexidigitata , B. balseiB. 
kadjikadji, B. nana, and recognition of the presence 
of B. proboscida Henry, 1924. Since then, Timms 
(2005) described B. mcraei from the Pilbara. Of 
these 19 species, 10 are endemic to Western 
Australia, bv far the greatest number of any 
Australian state or territory [Queensland, South 
Australia and the Northern Territory have one each, 
the other states none, though some species are 


localised around state borders (Timms, 2004, 2005)]. 
Together with six more species of Branchinella 
added in this paper, about 15 species of Parartemia 
(six described and nine known undescribed species 
(Timms, 2004)) and at least one species of 
Streptocephalus (Timms, 2004, and unpublished 
data), this makes Western Australia one of the hot 
spots of Anostracan diversity in the world (Belk, 
1998; Timms, 2002). 

Branchinella is by far the most common and 
speciose genus of freshwater anostracan in 
Australia. It is defined by characteristics of its 
gonopods and brood pouch (Geddes, 1981; Rogers, 
2006). Species are separated using characters mainly 
of the male second antennae and frontal appendage, 
and to a lesser extent of the gonopod bases and 
female second antennae (Timms, 2004). 

Since a review of Western Australian Branchinella 
(Timms, 2002), staff from the Western Australian 
Department of Environment and Conservation have 
made extensive collections, mainly in the northwest 
of the state. Additional collections have also been 
made by the author in the Esperanee area. It is the 
aim of this paper to document the new species and 
records, with a particular emphasis on the 
uniqueness of the Western Australian anostracan 
fauna and of its differences to that in eastern 
Australia. 


METHODS 

Extensive collections were made in the south¬ 
eastern quarter of Western Australia (Figure 1) in 
the winter-spring of 2004 and 2005, finding 
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Figure 1 Map of Western Australia showing most localities mentioned in the text. Places shown as dots, species sites 
as asterisks. 
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Branchinella at 72 sites. Also data for 2003-04 from 
a study of Lake Carey wetlands by Timms et al 
(2007) and unpublished 2006 data are included. 
Only the most significant of these sites are noted 
here. Additionally, in 2005 Roger Hearn of the 
Department of Environment and Conservation, 
Manjimup, provided specimens from near Unicup 
Lake; Adrian Finder and Jane McRae, of 
Department of Environment and Conservation, 
Wood vale, added material from the Pilbara, and I 
found a mislabelled new species in the Western 
Australian Museum. 

A camera lucida attached to a stereoscopic 
microscope was used to draw whole or part 
specimens and a digital camera to obtain correct 
proportions of the t ho taco pods under a high 
powered compound microscope. 

Abbreviations used: AM = Australian Museum; 
DEC, Western Australia's Department of 
Environment and Conservation; WA = Western 
Australia; and WAM = Western Australian 
Museum. 

SYSTEMATICS 
Class Crustacea Briinnich, 1772 
Order Anostraca, Sars, 1967 
Family Thamnocephalidae Packard, 1883 
Branchinella Sayce, 1903 
Branchinella Sayce, 1903: 233. 

Type species 

Branchipus australJensis Richters, 1876, by 
subsequent designation. 

Branchinella compacta Linder 

Figure 2 

Branchinella compacta Linder, 1941: 245-247, figure 
31; Geddes, 1981: 261-262, figure 4; Timms, 
2004: 44, 66, figures 57, 87. 

Material examined 

Australia: Western Australia: 5 d, 5 9, small lake 
south of Unicup Lake in Unicup Nature Reserve, 
about 55 km east of Manjimup, 34 2141 5, 
1 16 43 22 1', 19 August 2005, R. Hearn (WAM 
C38276); New South Wales: 5 5 9, Avon Lake, 

Monaro, 36°43'S, 149 i.)3'L, 19 December, 1989, B.V. 
Timms (AM I’74349). 

Remarks 

Previously, B. compacta was known only from 
south-eastern Australia, from lakes in the 
Corangamite district in western Victoria, from Lake 
Omeo in eastern Victoria, and also from the Monaro 


in New South Wales (Geddes, 1981; Iimms, 2004). 
Most of these records are from h\ pose line sites 
(1,5-16 g/L). The site from the Unicup Nature 
Reserve, near Manjimup (Figure 1) in southwestern 
Western Australia is a shallow lake (15 ha, < 1 m 
deep), alkaline (pH 7.5 to 9) and significantly, an 
elevated salinity of 4 to 4.5 mS/em ( ~~ 2.7 g/L) when 
Branchinella was present (R. Hearn, pers. comm.). 

The mature Unicup specimens are slightly larger 
than those described by Linder (1941), the five 
males averaging 28.9 mm (range 26-31.5 mm), and 
five females averaging 31.8 mm (range 30-34 mm). 
Though Linder's data was equivocal, this suggests 
the females are a little larger than the males, as is 
typical of the closest relatives of B. compacta 
(Geddes, 1981). 

Morphology of the Unicup specimens is almost 
identical with that of the Victorian specimens. Male 
head and second antenna (Figure 2A) are robust 
with relatively large distal antennomeres, well 
armed with transverse ridges on the medial surface. 
As Linder (1941) remarked there are dorsomedial 
and ventromedial swellings on the free parts of the 
proximal an ten no me re and there is 'no trace of any 
frontal appendage/ The gonopods (Figure 2B) are 
long (equivalent to a little more than three 
abdominal segments) and have a row of triangular 
spines laterally and a narrow field of sharper spines 
medially. As Geddes (1981) noted the gonopods are 
composed of two, not three parts (Linder, 1941); a 
short basal part with a triangular spine 
dorsomedially, and a long distal part with the 
lateral and medial spines. Neither Linder (1941) nor 
Geddes (1981) mention the oval-shaped hollow 
lateral to each gonopod base. Such hollows are of 
unknown function and are uncommon in 
Branchinella, being found only in B. hattahensis 
Geddes, 1981, B. buchananensis Geddes, 1981 
(Timms, 2005) and in two new species described 
below. 

The Unicup females (Figure 2C,D) accord with 
the descriptions given by Under (1941) and Geddes 
(1981), though in the Unicup specimens the second 
antenna apex narrows unevenly to have a shoulder 
and a sharper apex, whereas in eastern populations, 
the apex narrows evenly. Significantly, all 
populations have outgrowths and dorsal spines on 
the first genital segment, all of which probably play 
a role in am plexus (Rogers, 2002). This is the only 
Branchinella species with such body ornamentation, 
though a new species described below has even 
greater surface complexities on the last thoracic and 
first genital segments. The Unicup specimens also 
have small lateral outgrowths on the 11 thoracic 
segment to compliment those on the first genital 
segment. 

The specimens (Figures 2E, F) from Monaro in 
southeastern New South Wales, differ slightly 
(Figures IE, F). Males from all three known B. 
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Figure 2 Branchinella compacta Linder: A, dorsal view of male head; B, ventral view of male genital segments and 
adjacent abdominal segments with one gonopod verted; C, dorsal view of female head; D, lateral view of 
female genital segments with brood pouch, and of adjacent thoracic segment and abdominal segments; E, 
male from Monaro, New South Wales showing first and basal segment of second antenna and the small 
frontal appendage; F, female from Monaro, New South Wales. Lateral view of genital segments. Scale bars 1 
mm. 


compacta sites (Avon Lake, Buckleys Lake, Muddah 
Lake), all have a very short frontal appendages. 
Otherwise they have the features described by 
Linder based on Victorian specimens. Females also 
have the typical features of B. compacta , except 
lateral bulges on the first genital segment are 
slightly different, but this could be due to 
preservative distortion. There are no lateral 
outgrowths on thoracic segments. They are also 
relatively large, with the females much bigger than 
the males {mean length of males 29.2 mm (range 
27-33 mm); mean length of females 36.4 mm (range 
25.5-40.5 mm). 

The Unicup site is unique; its hydrology is 
different from other regional wetlands and no other 
ansotracans were found in a study of them (R. 
Hearn, pers. comm.). It is likely therefore this 
population is isolated and perhaps unique. Though 
the site is protected in a Nature Reserve, the future 
survival of B. compacta in Western Australia is in 
doubt because of climate change, which has already 
reduced rainfall in the south-west (CSIRO, 2005). 


Branchinella mcraeae Timms 

Branchinella mcraei Timms, 2005: 444-446, figures 
2b, 3, 4. 

Material examined 

Australia: Western Australia: 19 6, 26 9, 

Myanore Creek Pool (type locality), via Onslow, 
Pilbara, 21°26'30"S, 115 0 51'46"E, 27 August 2003, 
A. Pinder, J. McRae (WAM C34035-8); 3 6, Edgina 
Creek scrape, via Port Hedland, Pilbara, 
21°3T38"S, 118°45'09"E , 26 August 2003, A. 
Pinder, J. McRae (WAM C39199); 1 8 1 9, DeGrey 
Claypan, via Port Hedland, Pilbara, 20°17 , 42"S, 
119°25’2r , E, 14 August 2004, A. Pinder, J. McRae 
(DEC, Woodvaie, voucher ANOS028B); 30 
specimens, Curara Claypan, via Paraburdoo, 
Pilbara, 22 o 39'50"S, 116°04’06"E, 17 August 2005, 
A. Pinder, J. McRae (DEC, Woodvaie, PSW072); 5 
8, 10 9 a creek pool off the NE Coastal Highway, 
via Port Hedland, Pilbara, 20°49'38"S, 118°06 , 06 H E, 
5 August 2005, A. Pinder, J. McRae (WAM 
C39200). 
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Etymology 

The original species name is a noun in the 
genitive case, and hence should be female to reflect 
that it was named after a lady, jane McRae. 
Therefore under Rule 31.1.2 of the International 
Code for Zoological Nomenclature the name 
Branchinella mcraei is emended to Branchinella 
mcraeae. 

Remarks 

When Branchinella mcraeae was described it 
was known only from the type locality, but 
subsequent collecting has found it to be 
widespread in the northern Pilbara. It typically 
lives in turbid to very turbid reddish waters of 
creek pools or cl ay pa ns. 

Branchinella multidigitata sp. nov. 

Figure 3 

Material examined 

Holotype 

Australia: Western Australiai d. Well 48, 
Gregory's claypan. Canning Stock Route, 20°15'S, 
:i26°3rE, 9 December, 1971, M.H. Shepherd (WAM 
C38277). Length 9.9 mm. 

Paratypes 

Australia: Western Australia: 1 6, 1 9 , plus 
many pieces of fairy shrimp collected with holotype 
(WAM C34492). 

Diagnosis 

Branchinella multidigitata differs from most 
species of Branchinella in that it has a forked 
frontal appendage with simple lateral branches, 
but so does B. basis pin a, B, d ubia, B. pinna ta , B. 
tyleri and B. wellardi. It is however unique in that 
there are about six lateral and three terminal 
subbranches, a few medial papillae on the two 
branches, no outgrowth in the fork of the two 
branches and no spine at the junction of the first 
and second antennomeres. Branchinella basispina , 
its closest morphological relative, has two basal 
spines on the frontal appendage trunk instead of 
six and it has medial subbranches; besides its 
second antennomere is not hooked terminally as 
in B. multidigitata. In the key to Branchinella 
species by Timms (2004) a new couplet is needed 
at 27a to separate these two species. Branchinella 
pinnata is the next most similar species, but it has 
no basal spines, and many more lateral and 
terminal subbranches. Females of B. multidigitata 
are somewhat distinguishable (unusual for 
Branchinella - Timms. 2004) in that their antennae 
are rounded terminally instead of having an 
appendix or point there. 


Description 

Male 

First antennae (Figure 3A) slightly longer than 
second antennal proximal antennomere, filiform 
and apex bevelled. Second antennal proximal 
antennomere (Figure 3B) partly fused and with 
distal half at about a 30° angle to the body axis. 
Distal antennomere about same length as proximal, 
gently curving concavely and narrowing 
subapically. Apex short, abruptly bent medially 90 
degrees. Numerous weak transverse ridges along 
most of the medial surface. 

Frontal appendage (Figure 3B) complex, about 
twice the length of the second antennae, with short 
trunk and two long branches. Proximal to the 
primary bifurcation, the trunk bears about five long 
lateral spines. Each branch with six lateral 
secondary branches at (or near) right angles to 
primary branch. Branch medial surface with two 
medial spines and three subapical short branches. 
Branch with three apical sub-branches. The lateral 
sub-branch of the apical set probably a continuation 
of the main axis of each branch and the other two, 
generally a little shorter than the apparent primary 
branch (but not always). All secondary branches 
with pairs of lateral spines and a terminal larger 
spine. The lateral spines of the terminal subset of 
secondary branches plus the extended primary 
branch about twice the size of the lateral spines of 
the lateral secondary branches. 

The thoracopods were not examined due to the 
potential of the specimen for further disintegration. 

Genital segments (Figure 3C) slightly expanded, 
terminating in two ventral, parallel gonopods. 
Everted gonopods proximally smooth, remainder 
with an incomplete lateral row of equilateral 
triangular spines and medial surface with a narrow, 
longitudinal field of longer, narrower spines. 
Gonopods extending to base of third abdominal 
segment, but it is possible the gonopods are not 
fully extended. 

Cercopods about three abdominal segments long, 
with long lateral and medial setae. 

Female 

Size as in male. First antenna (Figure 3D) slightly 
longer than the second antenna. Both antennae 
about twice as long as eye plus eyes talk. Second 
antenna (Figure 3D) rectangular with rounded 
apices. No other features were able to be 
determined on the almost disintegrated specimen. 

Etymology 

The specific name refers to the large number (about 
28) of branches on the frontal appendage, most with 
terminal and lateral spines. These branches are like 
having many fingers ( digits), each probably for 
touching the female before amplexus. 
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Figure 3 Branchinella multidigitata sp. nov.: A, dorsal view of male head; B, dorsal view of frontal appendage of 
male, branches and subbranches expanded; C, ventral view of male genital segments and adjacent abdominal 
segments with one gonopod everted; D, dorsal view of female head. Scale bars 1 mm. 


Remarks 

Despite the paucity of material of this new species 
and its poor state of preservation, it is unlikely 
more will be collected in the near future, as the site 
is very remote (Figure 1) and rainfall in that area 
extremely episodic. Describing it now will aid in 
understanding the diversity of Branchinella and, in 
particular, add to the known amazing variation in 
structure of the frontal appendage of Branchinella 
males. 

Morphologically the species is most similar to all 
Branchinella species with complexly branched 
frontal appendages, but in particluar B. pinnata 
Geddes, 1981 and to a lesser extent to B. frondosa. 
The frontal appendage of Branchinella multidigitata 
differs from that of B. pinnata , in that the latter (a) 
lacks the lateral spines on the frontal appendage 
trunk, (b) has seven lateral branches grading into 
about six terminal branches and hardly any medial 
branches, and (c) has far fewer spines on the 
secondary branches. Moreover, B. pinnata typically 
has a spine at the apex of the second antennal 
proximal antennomere (but not always - see 
below), whereas B. multidigitata does not, and the 


apex of the distal antennomere is not expanded in 
B. pinnata as it is in B. multidigitata. Branchinella 
frondosa also lacks an expanded apex of the distal 
segment of the second antenna, and more 
importantly its frontal appendage has some sub¬ 
branches secondarily ramified, none on the medial 
side of the primary branch and fewer sub-branches 
overall (about 14). 

Though the female is virtually undescribed, what 
is known is significant. The second antenna is 
unlike any other in Branchinella in that the apex is 
not pointed, nor is there a pointed appendix (see 
Timms 2004, figures 85-97). The general shape 
(excluding the pointed appendix) is reminiscent of 
the antenna of B. atfinis; certainly it is unlike that in 
B. pinnata. 

Branchinella multidigitata was collected from a 
very remote area of the state. Interestingly its close 
relative B. pinnata is known from the middle 
Northern Territory and also the Pilbara (as reported 
below), so it is possible B. multidigitata has 
sped a ted in isolation from B. pinnata. Alternatively 
its other close relative, B. frondosa occurs further 
south across the middle of Western Australia (see 
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figure 4 in Timms, 2002) and this species could be 
an isolate from it. 


Branchinella papillata sp. nov. 

Figures 4, 5A 

Material examined 

Holotype 

Australia: Western Australia: 6, pond just east 
of the lake next to Kau Rock in the Kau Nature 
Reserve, NE. of Esperance, 33°34'35"S, 122°19'47"E, 
29 January 2007, B.V. Timms (WAM C38865). 

Allotype 

Australia: Western Australia: 9, collected with 
holotype (WAM C38866), length 18.5 mm. 

Par a types 

Australia: Western Australia: 2 6, collected with 

holotype, 15 and 16 mm; 2 9, collected with 
holotype, 16.2 and 17 mm (WAM C38867). 


Other material 

Australia: Western Australia: 2 6, 2 9, salt lake 
about I km east of Peak Charles, northwest of 
Esperance, 32°53'5, 121 1 EE, 21 January 2007, B.V. 
Timms (WAM C38868). 

Diagnosis 

Branchinella papillata is separable from those 
Branchinella lacking a frontal appendage ( B. 
huchananensis, B. com pacta, B. hattahensis , B. nana, 
B.nichollsi B. simplex and B. vosperi ), by having two 
sets of papillae medially on the basal antennomere, 
instead of a distinctive outgrowth ( B. huchananensis, 
B. hattahensis, B. nichollsi, B. vosperi ) or a 
completely smooth medial surface (B. coni pacta , B. 
nana, B. simplex). An extra couplet between 5b and 8 
in the Branchinella key (Timms, 2004) is needed to 
distinguish this species. The female has its first 
antennal bases fused with the head and carried at 
right angles, and therefore is similar only to B. 
com pacta and B. vosperi, but it is distinguishable 
from both of these species by the lack of genital 
outgrowths dorsally and/or laterally. 



Figure 4 Branchinella papillata sp, nov.: A, dorsal view of male head; B, lateral view of male head; C, ventral view of 
penes base; D, lateral view of a gonopod; F, female head; F, lateral view of female genital segments with 
brood pouch, and of five following abdominal segments. Scale bars 1 mm. 
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Description 

Male 

Length 15 mm. 

First antenna filiform (Figure 4A), a little longer 
than second proximal antennomere and apex 
bevelled with 3-4 long sensory setae. Second 
antenna (Figure 4A) with proximal segment fused 
at base but with remainder as two cylinders in axial 
alignment with body. Medial surface with a few 
adjacent papillae midway along the ventral surface, 
and with a series of largely coalesced papillae 
increasing in size basally on the anterioventral 
comer of each cylinder. All papillae with sparse 
short hair setae terminally. Adjacent area of clypeus 
humped with not even a vestige of a frontal 
appendage. Distal second antennomere a little 
longer than then the basal segment, curved and of 
even thickness except for some thickening basally. 
Medial surface with numerous transverse ridges, 
best developed apically and hardly apparent on 
basal third of segment. Medial surface at junction of 
the two segments roughened with chaotic minor 
ridges and hollows. 

Gonopod bases (Figure 4C) well separated and 
each separated from a lateral lobe by a hollow. 
Gonopods normally inverted and less than one 
abdominal segment long, but when everted (as in a 
paratype) about 1.5 abdominal segments long. 
Everted gonopod of normal Brartchinella type 
(Figure 4D) with a 1-3 uneven rows of backwardly 
directed triangular spines medially and also 
laterally. Both fields of spines crowded apically and 
confined to apical half of gonopod. Medial rows of 
spines tend to be more triangular and lateral row(s) 
more spikey. 


Fifth thoracopod (Figure 5A) with endite 1+2 and 
3 evenly curved, the former about three times the 
size of the later. Anterior setae of endite 1 naked, 
anterior setae of endite 2 shorter, attended by a 
small seta basally and bearing a one-sided pectin of 
spines, and anterior setae of endite 3 the longest 
and also with a one-sided pectin of spines. Posterior 
setae long and numbering about 58 on endite 1+2 
and ca. 13 on endite 3. Endites 4 to 6 asymmetrical 
and covered with small fine spines. Endites 4 to 6 
each with one anterior seta and 6, 4 and 3 posterior 
setae respectively. Anterior setae of endites 4-6 
short, and with untidy hairs basally and a minute 
pectin of hairs on the remaining two-thirds of their 
length. Endopodite elongated but broadly rounded 
apically and with a notch on apical margin much 
nearer the medial edge than the lateral edge. About 
15 long posterior setae on medial edge of 
endopodite. Each of these setae with a coronet of 
small spines basally. Remainder of endopodite 
clothed with approximately 40 long posterior setae. 
Exopodite tear-drop shaped, protruding somewhat 
less than the endopodite and bearing about 50-60 
setae, longest apically, and absent basal medial 
edge. Epipodite oval and protruding less than the 
endopodite and praeepipodite. Praeepipodite 
subequal in size to the endopodite, and with a 
weakly serrated margin. 

Cercopods fringed with setae and almost as long 
as last two abdominal segments plus the telson. 

Female 

Length 18.5 mm. First antennae subequal in 
length to second antenna, filiform and terminating 
in a few setae on a bevelled surface. Second antenna 



Figure 5 Male fifth thoracopods: A, Branchinella papillata sp. nov., B, Branchinella pinderi sp. nov. and C, 
Branchinella vosperi sp. nov. Note that most of the anterior setae are not shown, except for those on medial 
surface and notch of the endopodite of B. pinderi and except for the one on notch of the endopodite of B. 
vosperi. 
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(Figure 4E) projecting laterally rather than 
anteriorly, with a wide base, lamellar and 
narrowing to an appendicular apex, so that its 
length is about twice its basal width. Anterior edge 
of lamellar plate more or less straight, but posterior 
edge with a marked shoulder near the apex. 

Genital segments (Figure 41) smooth (although 
there may be wrinkles due to body flexing) and 
bearing a simple brood pouch with a tubular 
extension almost five abdominal segments long. 

Fifth thoracopod and cercopods as in male. 

Etymology 

The specific name refers to the numerous papillae 
on the medial surface of the basal antennal segment. 
This is the only known species of Branchinella to 
have such features. 

Remarks 

Males of this species are distinctive by a complete 
absence of a frontal appendage and the presence of 
coalesced papillae on the medial surface of the basal 
antennomere. Even the females are unusual among 
Branchinella species by having a short lamellar 
second antenna and a particularly long brood 
pouch. This species dearly belongs to Group I of 
Geddes (1981) with its robust body, lack of (or 
weakly developed) frontal appendage, elongated 
endopodite, and the females having lamellar second 
antennae (Geddes, 1981; Timms, 2004). It is most 
similar to B. vosperi , but in males it is distinguished 
by papillae on the medial ventral edge of the free 
cylindrical part of the basal segment of the second 
antenna, whereas in B. vosperi there is a 
filamentous outgrowth midway along this medial 
surface. In females, the first and second antennae 
are of subequal lengths in B . papilla but in B. 
vosperi the second antenna is much longer than the 
first. Moreover the genital segment of B. vosperi 
has various outgrowths, compared to the usual 
smooth surface in this species. 

Brachinella papillata is known from two lakes in 
the Esperance hinterland. Both are generally saline 
(to at least 50 g/L), but this species occurs in the 
early stages of filling when the lakes are hyposaline 
(13 g/L in the case of the Peak Charles lake and 14g/ 
L in the case of the Kau Reserve pond). 

Branchinella pinderi sp. nov. 

Figures 5B, 6 

Material examined 

Holotype 

Australia: Western Australia: 3, from a very 
turbid (8200 NTU) unnamed claypan on Minderoo 
Station, via Onslow, Pilbara, 21°54 , 59 n S, 
114°54 , 32"E, 17 May 2005, A. Pinder, J. McRae 
(WAM C38278), length 7.8 mm. 
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Allotype 

Australia: Western Australia: 9, collected with 
holotype (WAM C38279), length 14.6 mm. 

Parn types 

Australia: Western Australia: 3 collected with 
holotype, 8.5, 8.0 and 7,5 mm, 2 % collected with 
holotype, 14 and 14.9 mm (WAM C38280). 

Diagnosis 

Branchinella pinderi has a forked lamellate frontal 
appendage and so is grouped with B. hudjiti, B. 
camphelli , B. complexidigidata , B. kadjikadji and B. 
iamellata. It is distinguished from these five species 
by having three simple lateral branches on the trunk 
of the frontal appendage and a simple rhomboid a 1 
lamellate branch instead of various elaborate 
lamellates. An extra couplet is needed in the 
Branchinella key (Timms, 2004) between 28b and 30 
to separate this species. Females are distinguishable 
from all other species of Branchinella by having the 
first antennae about twice as long as the second 
antennae and by its very small eye. 

Description 

Male 

Length of mature individuals known to vary 
between 7.5 and 8.5 mm. 

Eyes small (Figure 6A), about the diameter of the 
expanded apices of the second antennal distal 
antennomere and on stalks about the same length 
as the eye itself. First antennae (Figure 6A) filiform, 
about a third longer than second antennal proximal 
antennomere, and apex bevelled with 3-4 long 
sensory setae. 

Second antennal proximal antennomeres (Figure 
6A) partly fused and with free distal part in line 
with body axis. Apex about twice as wide as base of 
distal antennomere, with a distolateral protub¬ 
erance, and with many (ca. 6-12) filiform setae 
distally near base of distal antennomere and on 
proximolateral surface. Distomeciial surface with a 
large pulvillus with numerous denticles. 

Second antennal distal antennomeres (Figure 6A) 
almost twice as long as proximal antennomeres, 
slightly arcuate medially, each with a basomedial 
knob-like protuberance and an expanded rounded 
apex. Medial surface with numerous weak 
transverse ridges. 

Frontal appendage (Figure 6A) large, with a short 
trunk and two primary branches about three times 
the trunk length. Stem pseudpsegmented and with 
three ventrolateral digit form processes. Digitform 
process length subequal to trunk width and 
terminating in a s pi nutated bulb with a large, 
terminal spine (Figure 6C). Trunk bifurcation with 
mediodorsal thickened granular area. Primary 
branches narrow rhomboidal, lamellar and bearing 
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Figure 6 Branchinella pinderi sp. nov.: A, dorsal view of male head; B, dorsal view of frontal appendage of male; C, 
enlarged view of terminal bulb and spine on a stem digit; D, ventral view of penes base and gonopods; E, 
dorsal view of female head; F lateral view of female genital segments with brood pouch, and of adjacent two 
abdominal segments. Scale bars 1 mm. 


about twenty lateral, narrow digitiform papillae, 
graded in length with longest midway along 
branch. Medial margin of branch with about 13 
digitiform papillae, with the longest distal of widest 
part of branch and last two very short. Each 
digitiform papillae terminating similarly as in the 
trunk digitiform processes, but bulb and spines 
smaller. 

Gonopod bases (Figure 6D) well separated and 
each with a lateral lobe, the whole structure just 
narrower than the genital segment. The gonopods 
partly everted on a paratype with a row of long 
sharp spines laterally and triangular spines 
medially. 

Fifth thoracopod (Figure 5B) with endite 1+2 and 
3 evenly curved, the former about three times the 
size of the later. Anterior setae of endite 1 naked, 
anterior setae of endite 2 short, attended by a small 
seta basally, bearing a one-sided pectin of spines, 
and anterior seta of endite 3 long and with a long 
pectin of setae on one side and a short pectin 
midlength on the other. Posterior setae long and 
numbering about 55 on endite 1+2 and 15 on endite 
3. Endites 4 to 6 asymmetrical and covered with 
small fine spines. Endites 4-6 each with one 


anterior seta and 3, 2 and 2 posterior setae 
respectively. Anterior setae of endites 4 and 5 short 
and naked, and that of endite longer and feathered. 
Endopodite broadly rounded with a notch on apical 
margin much nearer the medial edge than the 
lateral edge. About 7 long posterior setae on medial 
edge of endopodite and 3 stout setae medially to 
the notch. These setae with a coronet of many very 
small spines basally. Remainder of endopodite 
clothed with about 18-20 long setae. Exopodite 
elongated oval, protruding about the length of the 
endopodite and bearing 30-35 setae. Epipodite 
sausage shaped, but apex bluntly pointed. 
Praeepipodite somewhat smaller than the 
endopodite, with rounded distal and proximal 
corners and a weakly serrated, almost straight edge 
in between. 

Cercopods fringed with setae and almost as long 
as three abdominal segments. 

Female 

Mature length 14-15 mm, much bigger than 
males. Head (Figure 6E) with a dorsolateral carina. 
Eyes small, length less than basal width of either 
antennae, and on an even shorter peduncle. Both 
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eyes almost obscured under head dorsolateral 
carina. First antennae about twice as long as 
second antenna, filiform and terminating in a few 
setae on a bevelled surface. Second antenna joined 
basal I v and about as wide as base of first antennae, 
but narrowing to a filiform apex. Apical third, 
exclusive of filiform apex, with many fine setae 
dorsal ly. 

Genital segments (Figure 6F) smooth and bearing 
a simple brood pouch extending posteriorly to base 
of third abdominal segment. 

Etymology 

The specific name honours Adrian Tinder, 
scientist from the Western Australian Department 
of Environment and Conservation, who has been 
instrumental in collecting many specimens of large 
branchiopods in Western Australia. 

Remarks 

This species belongs to the genus Branchinella 
by reason of its gonopod structure (Geddes, 1981; 
Rogers, 2006). The adult size, nature of the frontal 
appendage, presence of swellings lateral to the 
gonopods, and features on the thoracopods 
suggests it belongs to Group II of Geddes (1981), 
but it is difficult to find a near relative. The 
numerous digitiform processes on the frontal 
appendage with their terminal spines suggest a 
Group III alliance, but this is the only feature 
shared with this group (Geddes, 1981). The 
nearest similar frontal appendage structure is that 
of B. kadjikadji with its numerous digitiform 
processes on lamelliform branches (Timms, 2002), 
but overall shapes, digitiform process types and 
numbers and terminal spines are very different. 
Branchinella pinderi is easily distinguished from 
B . mcraeae, the other anostracan in turbid waters 
of the Pilbara, by its very different frontal 
appendage, which in B. mcraae has a long trunk 
dividing into two short branches each with a 
tapering apex (Timms, 2005). In B. pinderi the 
knobs on the bases of the distal antennomere of 
the second antennae are similar to the basal 
spines of B. liana (Timms, 2002), but that is the 
only feature shared with this species. Many 
species (e.g. B. com pact a, B. halsei , B. probiscida, 
B. clandestina Timms, 2005) have denticulate 
pul villi on the second antennal proximal 
antennomere medial surface, but none like that in 
B. pinderi. The hair setae at two sites on this 
proximal antennomere appear to be unique to B. 
pinderi , and this species has the greatest 
discrepancy between the distal diameter of the 
basal antennomere and proximal diameter of the 
distal antennomere. Of final note, are some 
apparent adaptations to the extreme turbidity of 
its habitat: in keeping w ith the red need 
importance of light, the eye is relatively small 


and both sexes have fine appendages to facilitate 
touching — excessive branching of the frontal 
appendage in the male and the long antennules in 
the female. 

Branchinella sp. near pinnata Geddes 

Figure 7 

Branchinella pinnata Geddes, 1981: 278-281, figs. 

13, 14; Timms and Geddes: 2003, 64. 

Material examined 

Australia: Western Australia : I mature 6, 
Myanore Creek Pool, Pilbara, 21°29.6"S, 11 5 40.5 "li, 
27 August 2003, J. McRae, A. Pinder (WAM 
C'38281). This is site PSW014 of DEC'S Pilbara study 
(S. Halse, pers, comm.). 

Remarks 

This is the first record of this species in Western 
Australia (Figure 1). There are numerous records of 
this species from the middle Northern Territory, 
inland Queensland, and north-western New South 
Wales (Geddes, 1981; Timms and Sanders, 2002; 
Timms and Geddes, 2003). Although the single 
male in the collection accords with most aspects of 
the original description of B. pinnata , it differs in 
three features, two of which Geddes (1981) thought 
important. It lacks the dorsolateral spine at the apex 
of the second antennal proximal antennomere and 
lacks the 6-8 swellings at the base of the setae on 
the mediodistal corner of the endopodite (= distal 
endite of Geddes, 1981) on the middle thoracopods 
(cf. Figure 7A with Figure 14b in Geddes, 1981). 
The other distinguishing feature is on the distal 
medial surface of the free part of the second 
antennal proximal antennomere, which is 
sclerotized and raised into two transverse ridges 
(Figure 7B). Also, both this male and one of the 
para types-, but not the holotype, have a soft lobe 
a pica 11 y on the medio ventral surface on the basal 
antennomere (Figure 7C, D), a feature not reported 
by Geddes (1981). 

Until more specimens, including females, from 
the Pilbara are studied, it is appropriate to consider 
this male a variant of B. pinnata , rather than a 
separate species. 

Branchinella vosperi sp. nov. 

Figures 5C, 8 

Material examined 

Holotype 

Australia: Western Australia: 6 , from road ruts 
on Mt Nov Track in Kau Nature Reserve, about 60 
km NE. of Esperance, 33 28 S, 122 2l’E, 3 August 
2005, B.V. Timms, j. Vos per (WAM C38282), length 
20 mm. 
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Figure 7 Branchinella pinnata Geddes, from the Pilbara district Western Australia; A, distomedial corner of 
endopodite showing lack of swellings at base of setae (cf. Figure 14b in Geddes, 1981); B, chitinization and 
ridges on medial face of basal segment of second antenna, dorsal view; C, meclioventral view of the chitinized 
ridges and outgrowth at junction of basal and distal segment of second antenna; D, ventral view of the 
outgrowth at the junction of basal and distal segment of second antenna. Scale bar 1 mm. 


Allotype 

Australia: Western Australia: 9, collected with 
holotype (WAM C38283), length 23 mm. 

Par a types 

Australia: Western Australia : 2 6, collected with 
holotype (WAM C38284), 17 and 18.5 mm; 2 9, 
collected with holotype, 20 and 24 mm (WAM 
C38284); 2 3, collected with holotype, 15 and 16 
mm, 2 9, 16 and 25 mm (AM P74347). 

Other material 

Australia: Western Australia: 2 8, 8 9, same 
location as holotype, 30 January 2007, B.V. Timms 
(BYT private collection). 


Diagnosis 

Like B, buchananensis , B. compacta, B. 
hattahensis, B. nan a, B. nichollsi, B. papillata and 
B . simplex , B. vosperi lacks a frontal appendage, 
thus separating it from most species of 
Branchinella. It is separable from these seven 
species by being the only one with an outgrowth 
midway on the medial surface of the basal 
antennomere. A further distinguishing feature 
from these species is the presence of a prominent 
ventrolateral acute projection on the base of the 
distal antennomere. In the Branchinella key 
(Timms, 2004), couplet 5 needs to be modified and 
an extra couplet instead between 5 and 6. Like 
other females of this group of Branchinella, the 
first antenna are strap-like, fused basally and held 
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Figure 8 Branchinella vosperi sp. nov. A, dorsal view of male head; B, ventrolateral view of base of distal segment of 
second antenna; C, ventral view of male genital segments and adjacent abdominal segments; D, distal part of 
a gonopod; % dorsal view of female head; F, lateral view of female genital segments with brood pouch, and 
of adjacent thoracic segment and abdominal segments. Scale bars 1 mm. 


at right angles, and similarly to B. compacta there 
are outgrowths on the genital segments, but only 
B. vosperi has outgrowths on the last two 
abdominal segments. 

Description 

Male 

Length of mature individuals known to vary 
between 15 and 20 mm. 

Eves freely projecting on stalks shorter than the 
diameter of the eye (Figure 8A). First antennae 
filiform, slightly longer than second antennal 
proximal antennomere, with apex bevelled hearing 
3-4 long sensory setae. 

Second antennal proximal antennomere (Figure 
8A) partly fused and with distal half diverging 
about 20° from body axis. Medial surface with an 
unadorned filiform antennal appendage about the 
length of the free half of the basal antennomere. 
Second antennal distal antennomere about twice as 
long as proximal antennomere, slightly arcuate, 
narrowing gently apically. Medial surface with 
weak transverse ridges except at base and apex. 
Distal antennomere base thick, with a prominent 
ventrolateral acute projection (Figure 8B). Fontal 
appendage absent. 


Fifth thoracopod (Figure 5C) with endite 1+2 and 
3 evenly curved, the former about three times the 
size of the later. Anterior seta of endite 1 smooth, 
and anterior setae of endites 2 and 3 with a peeten 
of fine spines and an attending small basal spine. 
Posterior setae long and numbering about 35-40 on 
endite 1+2 and 11-12 on endite 3. Endites 4 to 6 
asymmetrical and covered with small fine spines. 
Endite 4 with 2 anterior setae and 3 posterior setae, 
endite 5 with 2 and 2 respectively and endite 6 with 
1 and 2 respectively. Second anterior setae of 
endites 4 and 5 and the lone one of endite 6 with a 
row of fine spines on basal half. Endopodite 
broadly rounded with a notch on apical margin 
much nearer the medial edge than the lateral edge. 
Notch with a small bent seta covered with fine 
spines. Endopodite bearing about posterior 45 setae, 
each with about 8-10 very small spines at its base, 
and With about almost a third of the setae on the 
medial edge before the small seta in the notch. 
Fxopodite elongated oval but only a little longer 
than the endopodite and also w ith about 45 setae. 
Epipodite the same shape as the exopodite, but only 
half its size. Praeepipodite large (about equal to the 
endopodite plus epipodite) with rounded distal and 
proximal margins. 

First genital segment (Figure 8C) expanded, 
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second segment slightly narrower anteriorly, but 
expanded again posteriorly. Second genital segment 
with a hollow, lateral to each gonopods base. 
Gonopod base a simple tube. Gonopods not everted 
in holotype and only slightly so in one of the 
para types (WAM C38284); everted portion a row of 
triangular spines on one side and a narrow field of 
longer, narrow spines on the other (Figure 8D). 

Cercopods about three abdominal segments long, 
and with long lateral and medial setae. 

Female 

Head (Figure 8E) with an anteriolateral flange. 
Eyes on very short stalks and partly covered by 
anterolateral flange. First antennae filiform and 
about twice length of eye plus stalk. Second 
antennae lamellar, more or less at right angles to 
the head, capable of extending back to the second 
thoracic segment. Second antenna widest about one 
third of its length and narrowing evenly thereafter 
to a blunt apex. 

Thoracopod five as in the male, but the eleventh 
thoracopod is smaller (about two-thirds size of T5) 
and with a reduced praeepipodite (about half 
normal size). 

Brood pouch (Figure 8F) extending to the fourth 
to fifth abdominal segment, though usually in death 
it is recurved anteriorly. First genital segment with 
a chitinised dorsolateral spine projecting dorsally. 
Lateral to the spine, a prominent transverse ridge, 
projecting about twice as much as the spine and 
twice its width at the base. Eleventh abdominal 
segment with a large outgrowth ventrolaterally that 
is ridged on its posterior edge and touching the 
lower part of the lateral ridge on the first genital 
segment. Tenth abdominal segment with a lesser 
outgrowth ventrolaterally, touching that of the 
eleventh segment and slightly ridged posteriorly. 

Cercopods as in male. 

Etymology 

The specific name honours John Vosper who has 
been the author's colleague on many adventures to 
the Outback lakes and pools. 

Remarks 

This species belongs to the genus Branchinella , by 
reason of the structure of the gonopods and brood 
pouch. It is a member of Group I of the genus 
(Geddes, 1981), i.e. It is similar to larger robust 
species such as Branchinella australiensis, B. 
com pacta, B. simplex and the B. nichollsi group 
(Timms, 2005). Branchinella vosperi differs from all 
of these, however, by the male having a mesal 
filiform antennal appendage on the medial surface 
of the second antennal proximal antennomere, and 
the female has outgrowths on the last three thoracic 
segments. Almost certainly these outgrowths play 
an important role in species discrimination in 


amplexus (Rogers, 2002). It shares with its most 
closely related species, B, compacta, a complete lack 
of a frontal appendage, lateral hollows adjacent to 
the gonopods, similar female second antenna and 
amplexial grooves. This last character is unique to 
these two species among the genus Branchinella. 
Branchinella simplex is also similar, given its lack 
of a frontal appendage, simply constricted male 
second antenna, and similar female second 
antennae, but B. vosperi differs by the two unique 
characters mention above, together with shorter 
first antenna in B. vosperi , the presence of a hollow 
lateral to the gonopods and lateral process of the 
genital segments, and the female second antenna in 
B. vosperi is larger and tapers unevenly apically 
whereas in B. simplex it is smaller and tapers evenly 
apically. Though it shares some characters with the 
B. nichollsi group (namely lack of a frontal 
appendage, and basal hollows lateral to the 
gonopods base), B. vosperi is different by reason of 
its filiform antennal appendages, exopodite longer 
than endopodite In the thoracopods, and female 
second antenna narrowing unevenly to a sharp 
apex. Branchinella australiensis is even further 
removed from B. vosperi , as males of the former 
has a frontal appendage, females have a much 
longer second antenna, and in the thoracopods the 
endopodite is much larger than the exopodite. 

Branchinella vosperi is known from only two road 
ruts with turbid waters in adjacent dune swales in 
the Kau Nature Reserve, northeast of Esperance, WA 
(Figure 1). It seems to have a relatively short life 
cycle, as adults were collected within a month of 
heavy rains, but four weeks later none could be 
found. It has been found in both summer and winter, 
indicating no seasonal preferences. No other 
anostracans shared these pools, though on the 
second collecting occasion, the clam shrimp 
Caenestheriella packardi was found in the pools. 

Branchinella wellardi Milner 

Figure 9 

Branchinella wellardi Milner, 1929: 29-31, plate 6; 

Linder, 1941: 269; Geddes, 1981: 281, figure 16f; 

Timms, 2002: 87. 

Material examined 

Australia: Western Australia: 5 6,5 9, large 
shallow pool near base of south side of Walga Rock, 
via Cue, 27°24'S, 117°28'E, 7 August 2004, B.V. 
Timms (WAM C38285); New South Wales: 2 6 , 
Marsilea Pool, Bloodwood Station, 130 km 
northwest of Bourke, 29°33'S, 144°52'E, 31 May 
1999, B.V. Timms (AM P74346). 

Remarks 

This species is known from only a few sites in 
Western Australia in the Carnarvon and upper 
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Figure 9 Branchinella wellardi Milner: A, dorsal view of a mature male head; 13, dorsal view of the frontal appendage 
of a mature male; C, dorsal view of the head of an immature male; D, dorsal view of outgrowth at the 
junction of the two segments of the second antenna. A and 13 based on specimens (AM P74346) from Marsilea 
Pond, Blood wood Station, NW New South Wales; C and D based on specimens from a pool at the base of 
Walga Rock, via Cue, Western Australia (WAM C38285). Scale bars 1 mm. 


Murchison areas (Milner, 1929; Timms, 2002), and 
also from a few sites in the middle Paroo basin in 
northwestern New South Wales and south-western 
Queensland (Timms and Sanders, 2002). The 
material Milner used in its description is lodged in 
the WAM (Cl2460), but it is poorly preserved and 
of little use (Geddes, 1981), but nevertheless should 
be considered as syntypes. Milner's description is 
adequate, but no modern illustrations exist. The 
figure of the frontal appendage in Geddes (1981) is 
simplified and contains an error, and Timms (2004) 
copied this drawing. Mature specimens from 
Marsilea Pond have the bilobed flat outgrowth at 
the junction of the trunk and branches of the frontal 
appendage overriding the base of the branches 
(Figure 9B), not between them as shown in Geddes 
(1981) and Timm® (2004). The juveniles from the 
pool near Walga Rock (Figure 8C) lack this 
outgrowth, hut have the medial parts of the junction 


area thickened, perhaps in anticipation for future 
development of the outgrowth. When mature these 
outgrowths are fluted, unlike similar outgrowths in 
B. arborea and B. fvlcri. These same juveniles have a 
partly developed frontal appendage, which lacks 
any spines, though it does have the correct number 
of secondary branches (9 laterally and 7 medially). 

There are minor differences between western and 
eastern populations of />. wellardi. Western 
specimens have a lobed outgrowth with a few 
sensory setae on the mediodistal corner of the 
second antennal proximal antennomere (Figure 9a 
in Milner, 1929; Figure 9D), whereas eastern 
specimens lack this outgrowth (Figure 9A). Not 
surprisingly morphology of the second antenna and 
its frontal appendage changes as the animal 
develops. This is seen particularly in the shape of 
the distal antennomere, and in the relative growth 
of the outgrowths between the base of the frontal 
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appendage branches (see above), and in the 
spination of the secondary branches (juveniles in 
Figure 9C lack terminal and lateral spines). 

The new record at Walga Rock (Figure 1) does not 
significantly increase the known distribution of B. 
wellardi in Western Australia, but it is from a 
typical clear water habitat instead of the moderately 
turbid ones in the Carnarvon area (see Timms, 
2002 ). 

NEW DISTRIBUTION RECORDS 

In a sampling program throughout the 
Wheatbelt, Goldfields and adjacent areas from 
2003 to early 2006 (Table 1), 95 sites had at least 
one species of Branchinella, though six of these 
yielded two species, and another six shared the 
habitat with Streptocephalus sp. or Parartemia 
spp. Gnammas on rock outcrops were targeted, so 
that the most common species encountered was 
the rock pool specialist, Branchinella longirostris. 
It occurs throughout much of the eastern and 
northern Wheatbelt and adjacent Goldfields in an 
area a little larger than shown in Figure 5 in 
Timms (2002) and discussed in Timms (2007). 
Branchinella affinis was the most common species 
in habitats other than rock pools, confirming its 
status as the most common fairy shrimp in fresh 
waters in Western Australia (Timms, 2002). 
Occasionally it was also found in rock pools [as at 
Dunn Rock, Emu Rock (Figure 1)], should these be 
at the level of the adjacent countryside (Timms, 
2007). The next most widespread species is B. 
australiensis, probably the most common species 
across much of Australia. Its new sites are within 
the distribution area shown in Figure 4 in Timms 
( 2002 ). 

Of the moderately common species, Branchinella 
halsei occurred most commonly in the central 
inland [e.g. some wetlands near Lake Carey 
(Figure 1)], but with one record at Lake Cronin 
(east of Hyden) (Figure 1) in the south, thus 
enlarging its known distribution shown in Figure 
3 in Timms (2002). Almost all new sites for B. 
frondosa are around Lake Carey (Figure 1) so 
extending the known distribution a little to the 
southeast (see Figure 4 in Timms, 2002). The four 
new sites for B. occidentals are within its known 
distribution, but those of B. proboscida at Lake 
Carey (Figure 1) extend the distribution of this 
species from coastal Carnarvon (Timms, 2002) to 
include the northern Goldfields. Both of these 
species prefer turbid clay pans, so study of these 
habitats elsewhere could well encounter these 
species. The occurrence of B. simplex in saline 
waters of Lake Carey (Figure 1) spreads its known 
distribution a little and raises its known upper 
field salinity tolerance to 62 gL 1 (Timms et ah 
2007). 


Five species were found once or twice. 
Branchinella denticulata was found twice in Lake 
Carey wetlands, within its known distribution (see 
Figure 5 in Timms, 2002). Branchinella kadjikadji 
occurred in adjacent clay pans near the Cowcowing 
Lakes (Figure 1), north of Wyalkatchem, about 240 
km southeast of its type locality near Morawa. As 
already noted in Timms et al. (2007), B. nichollsi 
was found in a freshwater wetland near Lake Carey 
(Figure 1), so enlarging its distribution northwards 
(see Figure 9 in Timms, 2002). The new record for 
B. wellardi and type locality for B. vosperi have 
been mentioned earlier. 


DISCUSSION 

The six species added to the state's fauna in this 
study all occurred at one or two sites each and, 
except for B, compacta, in small numbers. This 
exemplifies the difficulty of cataloguing the large 
branchiopods in Western Australia - many species 
occur in limited areas and then only haphazardly 
and few individuals are collected. Some seem to be 
particularly elusive. Branchinella apophysata from 
Mt Margaret near Lake Carey has still not been seen 
since its original description in 1941, despite the 
author and /or colleagues visiting the area six times 
over three years when water was known to be 
present. This study confirms that most species of 
Branchinella in Western Australia are uncommon, 
and the other end of the scale, that by far the most 
encountered species are B. longirostris and B. affinis 
(Timms, 2002). 

The increase in the state's known fauna of 
Branchinella to 25 species, confirms Western 
Australia as an anostracan biodiversity 'hotspot' 
(Belk, 1998; Timms, 2002). With about 15 species, 
the same applies to Parartemia (A. Savage, pers 
comm.; author, unpublished data), and indeed to 
many other inland aquatic fauna (e.g. Coxiella and 
some ostracods (Pinder et al. 2002; Chydoridae, R. 
Sheil, pers. comm.; Daphniopsis Flebert and Wilson, 
2000). In the case of Branchinella, diversity is 
promoted by the large latitudinal coverage of the 
state (three of the additional species were found in 
the far north and three in the far south). It is 
scarcely increased by niche partitioning, evidenced 
again in this study, as in Timms (2002), of only a 
few instances of congeneric occurrences. 

Three of the four new species, although 
distinctive, are closely related to relatively common 
and widespread species. Branchinella multidigitata 
is similar to B. pinnata and to a lesser extent to B. 
frondosa , all members so Type III of Geddes (1981). 
Branchinella papillata and B. vosperi are similar to 
B. compacta , a Type I species. Branchinella pinderi 
has no obvious relative, though it somewhat similar 
to B. kadjikadji. It is conceivable that all four have 
speciated in isolation from their relatives, 
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particularly so in the Case of B. muliidigiiata 
surrounded as it is by extensive deserts with few 
u aterholes, and known populations of its relative 
B. pinnata both east and west of the type locality. 

Three of the additional species f B. pinderi. B. 
vosperi and B. near pinnata) are from turbid waters, 
while a fourth, B. multidigitata may be. In fact 
many of Western Australia's endemic Branchinella 
inhabit moderately to highly turbid waters, other 
examples being B. complexidigitata, B. kadjikadji, 
B. halseiB, mcraeae and B. denticulata Linder, 
1941. Though it is tempting to relate their complex 
frontal appendages to the opaque environment in 
which they live, any relationship is not as simple as 
this. For instance some species with complex frontal 
appendages (e.g. B. arborea and B. Campbelli) live 
in clear waters (Timms and Sanders, 2002). 
However dear evidence for the influence of living 
in highly turbid water is the reduction in eye size in 
B. pinderi. 

All three widespread species studied here 
have some slightly different morphological 
features in the Western Australian populations 
compared with those in eastern Australia. 
Populations of B. compacta are slightly different 
morphologically between southwest Western 
Australia, western Victoria and southeastern 
New South Wales. Most amazing is the presence 
of a rudimentary frontal appendage in the New 
South Wales populations in a species diagnosed 
as not having a frontal appendage (Linder, 1941; 
Geddes, 1981). This strongly suggests that in 
those species of Branchinella without a frontal 
appendage (B. buchanensis, B. compacta, B. 
hattahensis, B. nana, B. nichollsi, B. occidental is, 
B. papillata, B. simplex and B. vosperi) the lack 
is secondary. 

Differences across vast distributions are minor in 
B. compacta, a little more extensive in B. wellardi 
and almost great enough in B. pinnata to wonder 
about its specific status. Except for B. atfinis, which 
initially was thought different enough to be given a 
variety name of wonganensis (Linder, 1941) the 
other species shared with eastern Australia show 
even fewer differences in the west. A similar 
situation applies to many other widespread 
crustaceans of Australian Inland waters (e.g. 
Haloniscus searlei Williams, 1983). The enigma then 
is why there are so many endemic species of 
Branchinella (and Parartemia ) in Western Australia, 
almost all of which have narrow distributions? The 
explanation probably lies in special ion being 
promoted by stability and great age of the 
landscape, adaptation to refuges in times of climatic 
stress and genetic isolation from eastern Australia 
(Finder et at, 2004). Obviously despite these forces, 
some species have managed to maintain genetic 
interchange between west and east and maintain 
their integrity. 
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when the present entrance was much smaller? 
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Abstract - Analysis of old photographs and survey data shows that nearly 
one metre of the sediment in Mulka's Cave, a profusely decorated Aboriginal 
rock art site in south-western Australia, has disappeared in the last 50 years. 
This evidence for erosion prompted us to reassess the results of previous 
research at the site. Our reconstruction of the floor level in 1950 affects light 
levels within the cave and the visibility of the artwork, causing us to 
reconsider how the cave was used when the artwork was made and to 
suggest that the present entrance may not then have been in use. Investigation 
of the deposits immediately outside the cave suggests, furthermore, that that 
area may not have been a major focus of camping. Rather, camping occurred 
near a series of gnammas 500 m north of the cave. 

Keywords: sediment erosion, cave morphology, rock art, south-western 


Australia. 


INTRODUCTION 

Mulka's Cave, site 5842 on the Register of 
Aboriginal Sites maintained by the Western 
Australian Department of Indigenous Affairs (DIA), 
is large granite boulder that began to weather into 
its present hollowed out shape in the late Mesozoic. 
The boulder is part of The Humps (1 w id ale and 
Bourke 2004), an impressive dome of Late 
Precambrian granite situated 15 km north of Wave 
Rock, a heavily-promoted natural granite weather¬ 
ing feature located 3 km north of Hyden (Figure 1). 
Hyden is 300 km southeast of Perth on the eastern 
edge of the Wheat be It in south-central Western 
Australia. 

Mulka's Cave contains 452 pictograms (painted 
motifs), a very high number by comparison with 
the other decorated rocks he Iters known in the 
Wheatbelt, which mostly house fewer than 100 
motifs (Webb and Gunn 2004). Those in Mulka's 
Cave comprise '275 handstencils, 40 sprayed areas, 
23 handprints, 23 paintings, three drawings and 
[an] object stencil [in] a wide range of colours' 
(Gunn 2006a: 19): brown, orange, yellow and cream, 
as well as white and the many shades of red that 
are ubiquitous in Australian rock art. Due to its 
proximity to Hyden, Mulka's Cave is now visited 
by most of the approximately 80,000 tourists who 
visit Wave Rock each year; particularly those on 
commercial tours. This level of visitation, 200 


people a day on average, is extremely high for a 
spatially restricted site whose rock art Gunn (2006a) 
considered fairly 'ordinary', because handstencils 
predominate; as they do throughout south-western 
Australia (Davidson 1952). 

That the environs of Mulka's Cave were 
deteriorating due to over-visitation has been known 
for 20 years (Rodda 1989), but the extent of the 
damage was not, perhaps, fully appreciated until 
recently. We first visited the cave in April 2004, 
when Gunn (2006a) recorded the artwork in detail. 
We returned in April-May 2006, to monitor 
installation of an elevated walkway with a viewing 
platform and new signage (Figure 2); part of site 
management improvements undertaken by tourist 
organisations in Hyden, with the support of the 
Mulka's Cave Aboriginal Steering Committee and 
the consent of the Minister of Indigenous Affairs. 
When we compared the photographs of the cave 
mouth we took on both occasions, the shape of the 
entrance had visibly changed; prompting us to 
examine other pictures ot the site that could be 
dated (Day 1951; Serventv 1952; Randolph 1973; 
Dowdier et a/. 1989). Figure 3 is the result of that 
research. It shows that bv 1988, when Bowdler et aL 
(1989) test excavated the floor deposits just inside 
the dripline, about 0.5 m of sediment had been 
eroded from the 1950 level, wTien the entrance was 
< I m high. Bv 2004, another 0,5 m of deposit had 
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Figure 1 Location of Mulka's Cave relative to Tindale's 
(1974) circumcision line (the area covered by 
the Noongar native title claim is shaded). 

been lost, explaining why all trace of the test pit has 
disappeared. That erosion was accelerating is 
shown by the amount of sediment lost between 
2004 and 2006. Had the walkway not been installed, 
erosion would have continued unabated because 
the deposits outside the cave were probed to a 
depth of one metre without reaching bedrock. We 
believe this erosion is due to the number of tourists 
who now visit the site (Rossi and Webb, 2008, in 
press). For example, in May 2006, five or six coach¬ 


loads of tourists, plus independent travellers, 
visited the cave on some days; about 150-200 
people. Visitation is much higher in spring, when 
the wildflowers are blooming; lower in the height 
of summer. 

Although Mulka's Cave is large: 15 m east-west, 9 
m north-south and 2.5 m high; there are not many 
places where visitors can stand comfortably to view 
the artwork. The cave is filled with boulders, some 
very large, that appear to have fallen from the roof 
or rolled into the cave from the rock tumble 
upslope on The Humps, while the floor at the base 
of the rock pile now measures only 2 x 7 m. 
Commercial tour groups often comprise 30 people. 
When they enter the cave, two of these people are 
crowded into each square metre of floor space, 
unless some climb onto the boulder pile, a practice 
that is now discouraged, easing the congestion 
below. Because the cave entrance is quite 
constricted, the people in these tour groups used to 
cluster outside the cave before and after viewing 
the artwork, scuffing up the devegetated ground 
surface. Now they are confined to the walkway and 
do not impact the ground. The cave floor has been 
covered with rubber matting, the deposits between 
the end of the walkway and the matting have been 
consolidated and the degraded external deposits 
planted with Allocasuarina huegeliana (Sheoak) 
seedlings, most of which were flourishing when we 
visited the site in late May 2007. The new signage 
explains the significance of the artwork, tells 
Mulka's story and discusses what little is known 
about the archaeology and early history of the 
Aboriginal people of the area around Hyden. 

Mulka was a fearsome Dreaming Being of 
enormous size who lived in the cave. The stencils 
are said to be of his hands; partly because many are 



Figure 2 


The raised walkway installed outside Mulka's Cave in May 2006. 
informative signs. 


The viewing platform now carries several 
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Figure 3 Reconstruction of the ground level at the mouth of Mulka's Cave between 1952 and 2006, based on Day 
(1951), Ser'yentv (1952), Randolph (1973), Bowdler et al. (1989) and photographs taken in 2004 and 2006 by 
AMR. 


high up on the ceiling. He was the illegitimate 
result of a 'wrong' relationship. He was born with 
crossed eyes and took to eating children because he 
could not hunt effectively. When his mother 
scolded him, he killed her and fled. His tribe chased 
him to Dumbleyung, 150 km south-west of Hvden, 
and killed him. The members of the Mulka's Cave 
Aboriginal Steering Committee who inspected the 
walkway told us they knew Aboriginal people who 
were too frightened of Mulka to go into the cave. 
They themselves would not go in after dark. Indeed, 
when with us at the site, they did not enter the cave 
at all; although they had no objection to us or 
tourists going in. 

Bowdler et al. (1989) doubted the authenticity of 
the Mulka story, because it was first reported by a 
local farmer in the 1970s. On the other hand, Gunn 
(2006a: 21) said he had 'recorded similar myths in 
Central and Northern Australia, and considered 
[the Mulka story] to be quite typical of local (non¬ 


travelling) myths'. Similar stories were also 
recorded by Meggitt (1962: 261-262) from the 
Warlpiri, a Western Desert language group with 
cultural links to the people occupying the country 
to the east of Mulka's Cave. Mulka's story was also 
recounted at length on information leaflets about 
the site produced by DIA in the 1980s. There is little 
chance of authenticating the story now, however, 
because much traditional knowledge was lost when 
Aboriginal culture collapsed within one or two 
generations of British arrival in the south-west in 
the early 1800s (Green 1981). 

WHICH ENTRANCE TO MULKA'S CAVE WAS 

IN USE WHEN THE ARTWORK WAS MADE? 

Our realisation that the ground level inside the 
cave used to be much higher (Figure 4), caused us 
to wonder whether the present entrance to Mulka's 
Cave was the main entrance when the artwork was 



Figure 4 Reconstruction of the ground level within Mulka's Cave in 1952 compared with the level in 2004, adapted, by 
AMR from Gunn (2006a: figure 4). 
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Figure 5 Handstencils outside what is now the rear 
entrance to Mulka's Cave, but may have been 
the main entrance when the artwork was 
made (Gunn 2004: figure 16). 


made. Several non-Aboriginal local residents visited 
the site while the walkway was being installed. 
They told us that when they first visited the cave as 
children, 40-50 years ago, they had to crawl in. In 
other words, the ground was probably at the 1950s' 
level. What Gunn (2006a) understandably described 
as the rear entrance, because it faces The Humps 
and is filled with rock tumble, we now think may 
have been the main entrance in antiquity. This 
entrance is easily accessed by scrambling among the 
boulders that surround Mulka's Cave up to a 
shoulder of The Humps. We think this entrance has 
changed little over the last 3,000-4,000 years, the 
period during which Gunn (2006a) thought the 
artwork was made, partly because the bedrock is 
Archaean and has been weathering in situ for 
millions of years, partly because many of the 
boulders that fill it are too large and heavy to move 
easily. Certainly, this entrance has not changed 
noticeably since it was recorded by Serventy (1952). 
It is still about 2 m wide and 1.5 m high. It is 
marked without and within with handstencils 
(Figure 5); whereas, if there ever were any artwork 
on the outer face of the lower entrance, it has 
disappeared. Water pours over that face when it 
rains (Figure 6), however; whereas the artwork 



Figure 6 Rain falling over the present entrance to Mulka's Cave in June 2005. 
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outside the upper entrance is protected from the 
weather by overhanging rock. 

The handstencils outside the rear entrance to 
Mulka's Cave could have been intended to alert the 
uninformed that the boulder was decorated. We 
know of other rock art sites in the south-west where 
the decorated boulder in a cluster of boulders is 
marked externally, but we also know of clusters of 
boulders where the decorated boulder is not 
marked; so that suggestion needs to be tested by 
accumulating more data, if possible. 

The inside faces of the outer walls of the lower 
chamber in Mulka's Cave carry not only 
handstencils but most of the linear paintings, 
which are best viewed from within the rear 
entrance. Whether they were placed there for that 
reason cannot now be ascertained; but if they 
were, their placement would support our 
suggestion that the cave was entered from the 
rear when the artwork was made. How many 
motifs were made on the inside face of the lower 
entrance is unknown because that area used to be 
badly defaced with graffiti; some of which is still 
visible. Its removal by members of the 
Department of Aboriginal Sites (Randolph 1973; 
Clarke 1976; Haydock and Rodda 1986), now 
D1A, removed the underlying artwork as well. 
Traces of pigment survive, but they are too 
fragmentary to interpret. 

Sunlight rarely penetrates directly into Mulka's 
Cave; the entrances are too low. The local residents 
who visited the site in May 2006 told us that when 
the present entrance was smaller the cave was very 
dark and the artwork was difficult to see. Torches 
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Figure 7 Plan of The Humps showing the gnammas 
and the area that appears to have been the 
focus for Aboriginal occupation, adapted by 
AMR from Gunn (2006a: figure 3). 


were essential. Even now, one needs to allow one's 
eyes to adjust to the low light levels before some of 
the motifs become visible. Most can be detected 
without artificial illumination, however. If our 
reconstruction of the cave interior in the 1950s 
approximates conditions when the artwork was 
made, light levels would then have been low. In 
that case, the artwork in Mulka's Cave may not 
have been intended to be easily seen, making it very 
different from other art sites known in the south¬ 
west, most of which are quite open and well-lit, 
even those housing paintings we think probably 
had secret/sacred significance when they were 
made; although interpretation of their meaning is 
no longer possible due to the cultural dislocation 
and loss of knowledge that followed colonisation 
(Green 1981). Usually, handstencils are assumed to 
be 'public art'; interpreted as 'claims to country' 
(Moore 1977). The possibility that those in Mulka's 
Cave were not, but had ceremonial significance, is 
discussed below. 


WHERE DID PEOPLE CAMP AT MULKA'S 
CAVE? 

Despite being surrounded by farmland now, 
Mulka's Cave really lies on the western edge of the 
semi-arid zone. Rainfall is uncertain and for seven 
years in ten the amount received at Hyden fails to 
reach the annual average of 345 mm (Bureau of 
Meteorology data). Research in the Western 
Australian semi-arid zone has shown that 
ceremonial sites are usually located near supplies 
of freshwater (Gunn and Webb 2000, 2002, 2003, 
2006; Webb and Gunn 2004), but free-standing 
potable water is scarce around Hyden. There is no 
active drainage and the rare lakes are hypersaline. 
Moreover, when rain falls it is quickly absorbed by 
the sandy soil, or it collects in the salinas and is 
undrinkable. Rainwater also collects in gnammas, 
however; rockholes in granite outcrops that 
Aboriginal people throughout Australia are known 
to have used because the water they hold stays 
fresh (Bindon 1997; Bayiy 1999). 

Five gnammas, two with lids, have formed within 
500 m of Mulka's Cave (Figure 7). The two largest 
were recently cleaned out, allowing their full depth 
to be measured. There is also a large runoff-fed 
collection point that has developed along a bedrock 
fault on The Flumps. In Table 1, the capacity of 
these water sources has been calculated as follows: 

1 m = 1,000 1, the volume of a cylinder is Ttrh, that 
of a hemisphere is 2jrr l /3. Which formula is used 
affects volume estimates: a sub-cylindrical gnamma 

2 m in diameter and 1 m deep holds about 3,000 1; a 
sub-hemispherical gnamma 2 m in diameter with a 
maximum depth of 1 m holds about 2,000 1. The 
gnammas at The Humps are all ovoid or sub- 
cylindrical, although the two largest have wide 
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Table 1 Dimensions in metres and capacity in litres of the water sources identified near Mulka's Cave, revised from 
Gunn's (2006a: Table 15) estimates. 


water source 

length 

width 

depth 

capacity 

Gunn (2006) 

Humps 1 top 

1.60 

1.10 

0.15 

200 

- 

Humps 1 bottom 

1.40 

0.85 

0.95 

950 

77 

Humps 2 top 

3.50 

2.50 

0.10 

700 

200 

Humps 2 bottom 

2.00 

2.00 

0.90 

2,800 

300 

Humps 3 

0.45 

0.20 

0.30 

25 

3 

Humps 4 

0.20 

0.15 

0.20 

5 

1 

Humps 5 top 

0.85 

0.60 

0.20 

80 

- 

Humps 5 bottom 

0.25 

0.20 

0.15 

6 

13 

cleft rockhole 

8.50 

2.00 

0.80 

7,000 

650 

totals 




12,000 

1,250 


shallow mouths that quickly narrow to deep shafts 
(Figure 8). For those gnammas whose width and 
length differed markedly, r was taken to be L+W/4. 
The cleft rockhole on The Humps tapers and 
deepens markedly upslope and has a V-shaped 
profile. Its volume was calculated as (LWD)/2. 
These water sources all fill simultaneously 
whenever it rains, providing about 12,000 1 of water 
in total, ten times Gunn's (2006a) estimate. The 
volume of water occasionally available near 
Mulka's Cave may explain why it was chosen for 
decoration and should have made The Humps a 
focus for Aboriginal occupation, given the dearth of 
potable water in the surrounding country. Finding 
where people camped has not proved easy, 
however. They do not appear to have occupied the 
cave, for example. 

Bowdler et al. (1989) thought that most of the 208 
artefacts they recovered from the 0.65 m 3 of deposit 
they excavated from within the cave had been 
disturbed after deposition because they were mixed 
with (undescribed) 'European material'. They said 
that only the core, six flakes (one with secondary 
modification) and 24 flaked fragments found >0.5 m 
below the surface had 'some stratigraphic integrity' 
(Bowdler et al. (1989: 23). These 31 artefacts came 
from 0.15 m 3 of sediment; a very low rate of discard. 



Figure 8 Gnamma 2 at The Humps (photo: R.G. Gunn 
2003). 


Consequently, Bowdler et al. suggested that the 
cave was visited infrequently. We concur. If the 
floor was at the 1950 level when the cave was in 
use, the interior would have been more cramped 
and much darker than it is now, and possibly quite 
damp. 

Figure 4 shows that the flat area at the base of the 
rock pile inside Mulka's Cave would have been 
slightly larger than at present when the floor level 
was a metre higher, but the cave roof would have 
been commensurately lower. Theunissen et al. 
(1998) showed that ceiling height affects how 
people move around in caves. We think there 
would have been few places at the base of the rock 
pile in Mulka's Cave where adults could stand 
upright when the floor was at the 1950s' level, while 
there are few other places where a fire could be lit; 
making the cave an unlikely camping spot. There 
are no traces of smoke blackening on the ceiling or 
walls, but the cave would be dank and gloomy 
without a fire to give warmth and light. 
Consequently, we doubt whether people ever 
camped in Mulka's Cave, as against visiting it for 
ceremonies; a suggestion first made by Hallam 
(1975). 

Gunn (2006a: 35-36) thought the area outside the 
present entrance was the main focus of camping 
activities. He noted that artefacts, predominantly 
quartz (90%), were scattered over this area, which 
measures about 15 m north-south by 20 m east- 
west. He analysed 132 pieces visible in the erosion 
gully shown in Figure 9, over which the walkway 
was later constructed. They comprised chiefly 
knapping debris (95%), but included three backed 
flakes and a geometric microlith that Gunn assigned 
to the Australian Small Tool Tradition, which is 
conventionally dated to <6,000 BP (Mulvaney and 
Kamminga 1999: 230-256). 

In April 2006, before installation of the walkway 
began, we collected every artefact visible on the 
surface of the entire area shown in Figure 9. Only 
one or two artefacts were found in any one square 
metre; many squares contained no artefacts. This is 
a very low rate of discard for a frequently visited 
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Figure 9 Position of the postholes dug to support the 
walkway outside Mulka's Cave. 


campsite. The artefacts comprise chiefly knapping 
debris, but include several backed pieces and a 
geometric microlith made from clear quartz. These 
artefact types are conventionally assigned to the 
Australian Small Tool Tradition. Several pieces of 
old bottle glass had also been flaked. One has a 
maker's stamp that may be datable. They suggest 
that Aboriginal people were still visiting Mulka's 
Cave after the British began exploring the 
surrounding region in the mid-late nineteenth 
century. Bowdler et ill. (1989: 5-6) said sandalwood 
cutters were active around The Humps in 1847. 
John Septimus Roe, Western Australia's first 
Surveyor General, passed nearby in 1848 (Roe 1852) 
and, in April-June 1893, following the discovery of 
gold at Kalgoorlie, John Holland, a kangaroo 
shooter, cut a track from Broomehill to Coolgardie 
that passed near The Humps (Holland 1936). 
M ichael Cronin, a resident of Ka tanning, explored 
the region at about the same time (Bignell 1981: 
122). His son Donald's name is carved on the large 
boulder in front of which Bowdler et a/. (1989) dug 
their testpit; while the words 'M. Cronin 1894' were 
removed from the ceiling of Mulka's Cave bv 
Randolph (1973), along with other graffiti. The 
Cronins appear to have been the first non- 
Aboriginal people to leave their mark in Mulka's 
Cave. Most of the old flaked glass need not 
necessarily have been worked by Aboriginal people, 
of course, although cultural heritage consultants 
regularly find pieces of flaked bottle glass in 
scatters of stone artefacts assumed to have been 


made by Aboriginal people. The presence of 
worked glass at Mulka's Cave is, therefore, 
unsurprising. 

Installation of the support posts for the walkway 
permitted us to examine the subsurface deposits 
outside Mulka's Cave. Thirty-four holes each 300 
mm square and 650 mm deep had to be dug. 
Twelve of these postholes were carefully excavated 
in 50 mm spits (Figure 9), artefacts being recorded 
in situ whenever possible (Webb 2006). Those 
identified to date include multi-platform cores, 
whole and broken flakes and flaked fragments, but 
few secondarily modified pieces. They are being 
studied by AMR as part of her MA research. The 
excavated sediment was passed through 6 mm and 
3 mm sieves; as was that shovelled from the other 
postholes. All the material coarser than 3 mm was 
retained for analysis. Fewer than 10 artefacts, 
predominantly in quartz of medium quality, were 
recovered from any one posthole; mostly in the top 
300 mm of the deposit in the postholes nearest the 
cave. The postholes farthest from the cave yielded 
almost no artefacts. We believe that these artefacts 
may originally have been discarded in the cave and 
transported outside by trampling and soli flue ti on 
(Rossi and Webb, 2008, in press). We estimate that 
about 10-15 nT of deposit has disappeared from 
within the cave in the last 50 years. If that sediment 
were spread over the slope outside the cave it 
would form a layer about 300 mm thick. More 
sediment would, of course, be deposited near the 
cave mouth, less farther away; explaining the 
pattern of artefact discard we found in this area and 
emphasising the sparsity of the assemblage. For all 
these reasons, we do not think Mulka's Cave itself 
or the area immediately outside were camping foci. 
Rather, camping occurred in the area shown in 
Figure 7; a belt of trees fringing an ephemeral creek 
halfway between the cave and the two largest 
gnammas. 

Members of the Mulka's Cave Aboriginal Steering 
Committee told Robert Reynolds (pers. comm. 
2006), the Senior Heritage Officer with DIA who co¬ 
ordinated the walkway project, that when they 
came to The Humps as children, 30-40 years ago, 
they camped in this area. It was recently 
investigated. An extensive, moderately dense, 
artefact scatter was found into which a testpit 500 
mm square was dug in May 2007. Artefacts were 
found to a depth of -300 mm, suggesting that the 
area had been occupied over a considerable period. 
The age of this occupation has yet to be established, 
nor have the artefacts been fully analysed, but we 
think that when people visited Mulka's Cave they 
mostly camped here because the number of 
artefacts recovered from individual spits in this 
testpit exceeded those found in the walkway 
postholes by an order of magnitude (about 40 
artefacts from 0.0125 nT). 
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WAS MULKA'S CAVE PRINCIPALLY A 
CEREMONIAL SITE? 

Due to the cultural dislocation that followed 
colonisation, nothing is known about how 
Aboriginal people used Mulka's Cave before the 
British settled south-western Australia. Gunn 
(2006a) thought, however, that the large geometric 
paintings in the cave were almost certainly made by 
senior men and probably refer to the Dreaming 
tracks of totemic ancestors, as such motifs do in 
Desert paintings (Spencer and Gillen 1899; Gould 
1969). The presence of these paintings suggests that 
Mulka's Cave may have been the focus of male 
rituals. If so, the fact that even in daytime it may 
have been quite dark inside when it was decorated 
might be significant; especially if those rituals 
included initiation, which is a form of rebirth, an 
emergence from darkness into light. Initiation 
rituals often take place at night, when going into 
Mulka's Cave would be quite frightening. 

We hesitated to question the members of the 
Mulka's Cave Aboriginal Steering Committee about 
such a sensitive issue since we are female and not 
indigenous, but we did establish that they had no 
objections to us, or female tourists, viewing the 
artwork. If they had known of any cultural 
prohibition about women going into Mulka's Cave 
we are sure they would have told us. On the other 
hand, so much traditional knowledge was lost in 
the mid-nineteenth century that people may no 
longer know about such cultural prohibitions. There 
is also the possibility that the paintings were not 
made by the people of the south-west, who now 
call themselves Noongar, but by men from the 
Western Desert. In which case, their cultural 
prohibitions might not be known to or recognised 
by Noongar people. The members of the steering 
committee are all Noongar. The Noongar, were and 
are culturally distinct from all other Aboriginal 
people; except perhaps the Tasmanians (Bates 1923; 
Davidson 1939; Tindale 1940, 1974). They marked 
initiation by scarification. Bates thought the 
Noongar were the descendants of the first Sahulian 
colonists, who were culturally swamped by later 
arrivals everywhere except in Tasmania and the 
south-west. Bates said that, wherever possible, the 
later (Desert) people aggressively imposed their 
initiation rites of circumcision and subincision on 
those who did neither. Consequently, by the time 
anthropologists began to study Aboriginal culture 
in the early twentieth century, the boundary 
between Noongar and Western Desert people was 
well defined (Tindale 1940, 1974). Mulka's Cave lies 
only 75 km west of this Circumcision Line (Figure 
1). Its proximity to the Western Desert may explain 
why Desert motifs were painted in the cave. They 
may reflect the westward expansion of Desert 
customs that Gibbs and Veth (2002) said continued 
into the early twentieth century. Noongar boys 


were still being kidnapped and forcibly initiated 
following Western Desert custom in the 1930s. 

We think the size of the handstencils in Mulka's 
Cave supports our suggestion that the cave may 
have been used primarily for male rituals. The size 
of a person's hand reflects their age and gender: 
adults have larger hands than children, men tend to 
have larger hands than women. The length of the 
middle finger or the width across the knuckles is 
measured as a way of inferring the approximate age 
and possible gender of the person whose hand was 
stencilled or printed. Gunn (2006b) argued that 
infants have a knucklewidth of <55 mm; children, 
55-70 mm; adolescents/women, 70-85 mm; men 
and large women, 85-95 mm; large men, >95 mm. If 
the hands of people of all ages are represented at a 
given site, the size data should be normally 
distributed; if not, the data will be skewed. 

Gunn and Webb (2000, 2002, 2003, 2006) 
measured 1,173 handstencils in rock art sites around 
Cue (Table 2), a small town on the Great Northern 
Highway, 650 km north of Perth. Those 
measurements, converted to age classes, are 
normally distributed (Figure 10), suggesting that 
anyone visiting the shelters in which the stencils are 
located could stencil their hand; although the hands 
of infants were not often stencilled. The pattern at 
Mulka's Cave is quite different. Of the 119 hands 
that could be measured, 40% of the total recorded, 
70% can be attributed to adolescents and/or women. 
The absence of very large hands is interesting given 
that the stencils are supposed to be of Mulka's 
hands and he was said to be a giant. We suggest 
that the handstencils in Mulka's Cave more likely 
belonged to boys than to women and that boys' 
hands might have been stencilled preferentially 
during their initiation, as proof of their ties to the 
site. Whether the cave would have been off-limits 
to women and children during such ceremonies is 
not known. As noted above, there are no gender- 
specific prohibitions connected with the site now. 

Most of the individual shelters recorded around 
Cue housed fewer than 30 handstencils, samples too 
small to compare with the data from Mulka's Cave, 


Table 2 Numbers of handstencils in Mulka's Cave 
(Gunn 2006a), grouped by age class (Gunn 
2006b), compared with the numbers in the 
same classes found at Gilla, Poona and Reedy 
Rockhole (Fig. 11) and more generally around 
Cue (Gunn and Webb 2000, 2002, 2003, 2006). 


infnt 

child 

adscnt 

adult 

men 

Mulka's Cave 

1 

6 

83 

29 

- 

Cue totals 

26 

221 

615 

228 

83 

Gilla 

- 

6 

25 

10 

3 

Poona 

1 

22 

45 

16 

4 

Reedy Rockhole 

2 

18 

27 

4 

1 
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Figure 11 Location of the decorated rocksheIters in the 
southern half of Western Australia referred 
to in the text. 


but Poona (Figure 11) contains 100 hands, 88 of 
which could be measured (Gunn and Webb 2003: 
123-125). This large, open shelter in an elevated 
stretch of breakaways dominates a small valley. 
Consequently, the handstencils can be seen from 
hundreds of metres away. Gunn and Webb (2003: 
52) thought this site may have had ceremonial 


significance when the stencils were made, although 
this cannot now be verified, because it contains a 
block of saprolite that has been abraded, possibly 
during rituals similar to those recorded by 
Mountford (1976) in the Western Desert. Yet, 25% 
of the hands stencilled in Poona belong to children 
(Table 2). Perhaps they are 'claims to country' 
(Moore 1977). Certainly, they are highly visible 
'public' art. 

Two other rockshelters near Cue houses enough 
handstencils for the pattern of their age/size 
distribution to be statistically meaningful. Half the 
44 measurable handstencils in Gil la can be 
attributed to adolescents/women, while children's 
and men's hands are present in approximately 
equal numbers (Table 2). Similarly, half the 52 
measurable handstencils at Reedy Rockhole can be 
attributed to adolescents/women, while the 
majority of the remainder can be attributed to 
children. Both these shelters are situated at the 
mouths of defiles in which large rockholes have 
formed. As at Poona, the presence of children's 
hands may be 'claims to country'. Certainly, the 
data from Poona, Gil la and Reedy emphasise how 
unusual the inferred age range of the people whose 
hands were stencilled in Mulka's Cave is. The 
predominance of adolescents' hands at Mulka's 
Cave supports, we believe, our suggestion that the 
cave was primarily a focus for male ceremonies that 
perhaps included initiation rituals. 

There is some other archaeological evidence that 
supports our suggestion that Mulka's Cave may 
have been used differently from other profusely 
decorated sites in the southern half of Western 
Australia. Figure 11 shows the location of those 
sites that have been test excavated and details of 
whose age and contents are known. The numbers of 
artefacts discarded at each provide comparative 
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Table 3 The volume of sediment excavated, number of 
artefacts recovered from levels post-dating 
4,000 BP and estimated number of artefacts in 
a cubic metre of deposit at all the decorated 
shelters in the southern half of Western 
Australia for which data are available 
(Bowdler et al. 1989; O'Connor et al. 1998; 
Webb and Gunn 1999; Veth et al 2001; Webb 
2008, unpublished data). The artwork in 
Wurarga is discussed by Hall (1994), that at 
Gidgee, Gilla, Madoonga and Yarraquin by 
Gunn and Webb (2000). 


site name 

volume 

number 

nos/m 3 

Gidgee 

0.5x0.5x0.3m 

1,088 

14,507 

Gilla 

0.5x0.5x0.3m 

282 

3,760 

Kaalpi 

2.0x1.0x0.4m 

841 

1,051 

Madoonga 

1.0xl.0x0.4m 

223 

558 

Mulka's Cave 

1. Ox 1.0x0.6m 

280 

467 

Serpent's Glen 

1.0xl.0xl.0m 

>1,731 

>1,731 

Walga Rock V14 

l.Oxl.Oxl.Om 

1,507 

1,507 

Walga Rock VI5 

1.0x1.Ox 1.0m 

1,944 

1,944 

Walga Rock W14 

l.Oxl.Oxl.Om 

1,632 

1,632 

Walga Rock W15 

l.Oxl.Oxl.Om 

1,714 

1,714 

Wurarga 

1.0x1.0x0.6 m 

2,678 

4,463 

Yarraquin 

0.5x0.5x0.3m 

656 

8,747 


data from which to assess whether the paucity of 
artefacts found at Mulka's Cave is behaviourally 
significant. Although each of the sites in Table 3 
was in use over a period of different length, the 
artefacts were all deposited in the last 4,000 years 
and most are made from quartz. The data in Table 3 
suggest that the way Aboriginal people used 
Mulka's Cave was different from the way they used 
all the other shelters, except perhaps Madoonga. 
There is no water collection point near Madoonga. 
It appears to have been visited mainly to exploit a 
vein of quartz in the back wall (Webb, unpublished 
data). Very few artefacts were deposited at either 
site, supporting the suggestion made by Bowdler et 
al. (1989) that Mulka's Cave was visited 
infrequently. 

The disparity between the number of artefacts 
discarded at Walga Rock, one of the most profusely 
decorated sites in Australia, and those recovered 
from Mulka's Cave is noteworthy because Walga is 
known to have been a site of considerable regional 
significance, although no ceremonies have been 
held there since the Second World War (Gunn et al. 
199 7). An unusually high number of 'formal tools' 
was recovered from Walga (Bordes et al. 1983; 
Webb and Gunn 1999). Webb suggested this aspect 
of the assemblage might relate to the site's 
ceremonial functions. If that suggestion is correct 
and Mulka's Cave was principally a ceremonial site, 
then the fact that both we and Bowdler et al. (1989: 
24) found very few 'formal tools' there requires 
further study. We are currently investigating this 
aspect of the artefacts found within and 


immediately without the cave and comparing that 
assemblage with the artefacts found beside the 
ephemeral creek. 

CONCLUSION 

It is ironic that this reconsideration of how 
Mulka's Cave may have been used in the past only 
became possible because the site was deteriorating 
due to over-visitation by tourists. Like Bowdler et 
al. (1989), we think the cave was rarely visited. We 
think it was primarily a focus for ceremonies that 
perhaps included initiation rituals. Gunn (2006a) 
thought the cave was used as a shelter from 
inclement weather, but that occupation and 
ceremonies occurred outside the present entrance; 
whereas, we think that ceremonies were held in the 
cave, while occupation occurred by the ephemeral 
creek; the only place where we have found charcoal. 
Reconsideration of other aspects of how Aboriginal 
people used Mulka's Cave and its environs must 
await the results of the artefact analysis and 
assessment of the age of the charcoal samples 
recently submitted for dating. 
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A new species of the mygalomorph spider genus Yilgarnia from the 
Western Australian wheatbelt (Araneae: Nemesiidae) 


Barbara York Main 

School of Animal Biology, University of Western Australia, Crawley, 
Western Australia 6009, Australia. E-mail: b\ mameevllene.uw a.edu ,iu 


Abstract - A new species of Yilganua Main from the central wheatbelt of West¬ 
ern Australia is described. Natural history notes are presented and recogni¬ 
tion stated of a wider geographic distribution of the genus than previously 
recorded. 


INTRODUCTION 

The nemesiid spider genus Yilgarnia Main 1986, 
formerly placed in the Dipluridae, was described in 
1986 and although known to be widely distributed 
in southern Western Australia, it was originally 
described as monotypic (Main 1986). The genus is 
now known to be much more extensive in terms of 
its diversity and distribution; specimens are known 
from as far north as the Kimberley (Main 1991). 
A new species is described here from the central 
wheatbelt of Western Australia. Although most 
species (still undescribed) have been collected as 
singletons or in low numbers, the species described 
here apparently occurs in surprising density at 
some locations. The apparent dwarfism of the 
males is also of interest. However as no females 
have been collected in association with such males 
it is not known whether they really are “dwarfs" 
or whether the females also are small compared to 
other species. 

The purpose of this paper is to describe a new 
species of Yiiganiia from the central wheatbelt 
region of Western Australia. 

METHODS 

Specimens were examined with a Zeiss Citoval 
dissecting m i c r o s c o p e a n cl m e a s u r e m e n t s m a d e 
using an eyepiece micrometre. All measurements 
are in millimetres. Drawings were made free 
hand on tracing paper overlaid on millimetre/ 
centimetre graph paper while viewing a specimen 
with a squared graticule in the microscope eve 
piece. 

In the leg measurements the leg formula is the 
leg length divided by the carapace length. The 
tibia I index = 100 X dorsal proximal width of 
patella/length of tibia 4 patella (Petrunkevitch 
1942). 

The specimens used in this study are lodged 


in the following institutions: Western Australian 
Museum, Perth (WAM) and the Barbara York 
Main collection (housed in the School of Animal 
Biology, formerly in the Zoology Department), 
University of Western Australia) (BYM). 

SYSTEMATICS 

Family Nemesiidae Simon 1889 
Genus Yilgarnia Main 1986 

Yilgarnia Main 1986: 396. 

Type species 

Yilgarnia atrrgeoniboidcs Main 1986, by original 
designation. 

Remarks 

As cu r ren11 y diagnosed t he genus is 
distinguished primarily by the presence of a 
group of “curry comb” like spines on the proximal 
ventral face of the third and fourth coxae. It 
has some similarity with Kwonkan Main 1983 
in the palpal configuration of the male and the 
terminally branched sperm a thecal tubes of the 
female (which characters however are also shared 
with a group of Ana me species) (Main 1983). It is 
also distinguished from Kwonkan by the absence 
ol tarsal spines. However some problematic 
specimens have recently been recorded from the 
Carnarvon Basin and collected personally in the 
Pilbara (BYM, unpublished data) that have both 
tarsal spines and “currycomb” like spines on the 
third and fourth coxae [referred to as **Ku%vikanf 
Yilgarnia" in Main c\ ak (20()t))J. I he taxonomic 
status of these specimens requires further studv if 
the morphological limits of Kwonkan and Yilgarnia 
are to be resolved. 

To date only the type species of Yilgarnia has 
been described. 
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Yilgarnia linnaei sp. nov. 

Figures 1-9 

Material examined 

Holotype 

Australia: Western Australia: 3, Durokoppin 
Nature Reserve (31°23‘30” to 31°25’30"S, 117°42'E to 
117 Q 48’E), Northwest Tip (see Main 1996), transect 
G (= 700 m east of western boundary), wet pit trap, 
6-27 May 1987, B.Y. Main (WAM^ T89289; BYM 
1987/83). 

Para types 

Australia: Western Australia: Durokoppin 
Nature Reserve, Northwest Tip (see Main 1996), 
wet pitfall traps, B.Y. Main: 7 3, 6-27 May 1987 
(BYM 1987/73-77, 79); 3 3, 27 May-23 June 1987 
(BYM 1987/86, 88, 89); 1 3, 23 June-4 August 1987 
(BYM 1987/99); 2 3, 20 March-3 May 1988 (BYM 
1988/5,6); 8 3, 3 May-25 June 1988 (BYM 1988/13- 
17, 24-26); 11 3, 13 March-3 May 1989 (WAM 
T92128-92129; BYM 1989/10, 11) (BYM 1989/12- 
20); 2 3, 17 March-2 May 1989 (BYM 1989/3, 9); 5 
3, 17 March-3 May 1989 (BYM 1989/4-7, 36); 11 
3, 3 May-3 June 1989 (BYM 1989/26-28, 32-35, 
45-48); 1 3, 3 June-8 July 1989 (BYM 1989/57); 2 
3, 7 February-29 April 1990 (BYM 1990/53, 54); 3 
3, 4 June-19 July 1990 (BYM 1990/56, 57, 67); 2 3, 
20 February-29 April 1991 (BYM 1991/1, 2); 20 3, 
29 April-2 July 1991 (WAM T92130-92132; BYM 
1991/19-21) (WAM T92133-92135; BYM 1991/27- 
29) (BYM 1991/22-26, 30-34, 37, 38, 40, 44); 1 3, 2 
July-30 July 1991 (BYM 1991/45). 

Other material 

Australia: Western Australia: North Bungulla 
Nature Reserve (31°32'S, 117°35’E), all from pitfall 
traps, B.Y. Main: 1 3, 30 August 1969 (BYM 
1969/60). 1 3, 22 June 1983 (BYM 1983/147); 1 
3, 22 June-1 August 1983 (BYM 1983/210); 2 3, 
Fleitman's Scrub, 14.5 km north of Bungulla 
(31°30’S, 117°34’E), 26 July 1970, pitfall trap, B.Y. 
Main (BYM 1970/40, 41); 1 3, East Yorkrakine 
Nature Reserve (31°28'S, 117°4TE), 19-29 May 1989, 
pitfall trap, G. Friend (WAM T40709). 

Diagnosis 

Yilgarnia linnaei differs from Y. currycomhoides 
and all other known (but unnamed) species 
of the genus by the remarkably small size of 
at least the males, with carapace length of less 
than three millimetres which is less than half 
that of Y currycomboides, The tibia 1 spur of leg I 
poorly developed (possibly the result of neotenic 
maturation) but with a heavy megaspine. 


Description 

Male holotype 

Colour: generally yellowish/tan, abdomen 
dorsally with dark brown mottlings, pale 
transverse bars (Figure 2), venter very pale, legs I 
with reddish tinge. 

Carapace: length 2.6 mm, width 1.8, marginal 
hairs, thin spines (Figure 1). Eye group: 0.6 mm 
wide, 0.3 mm long. 

Chelicerae: long, narrow, dorsally with delicate 
bristles; rastellum ~7 very heavy tooth-like spines 
(Figure 5). Cheliceral teeth on promargin, (right) 
7 large teeth with 3 basal granules, left 7 large, 4 
basal granules. 

Sternum: 1.4 mm long, 1.0 mm wide; labium 0.2 
mm long; delicate hairs and bristles; sternal sigilla 
very faint, almost imperceptible (Figure 3). 

Coxae: III and IV with group of retro-ventral 
short curved spines, about 25 on IV and fewer on 
III (Figure 4). 

Legs: spination and other features: all femora 
with dorsal line of 3-5 delicate spines. Leg I: 
femur, in addition to dorsal line, prodorsal 1 
apical; patella prodorsal 2; tibia (Figure 6) with 
poorly developed spur but heavy megaspine, 1 
ventral spine beneath, prodorsal 1; metatarsus and 
tarsus 0; metatarsus and tarsus ventrally inflated, 
dense scopula, metatarsus with slight ventral 
elbow (or “bowed")- Leg II: patella prodorsal 2; 
tibia retrodorsal 1-1-1; metatarsus retroventral 
1. Leg III: patella prodorsal 3; tibia dorsal 2, 
retrodorsal 1 apical, prolateral 2, retroventral 1-1, 
ventral 3 apical; metatarsus dorsal 1-1-2-3 (apical), 
retroventral 1-2, ventral 3 apical. Leg IV: patella 0; 
tibia retrodorsal 2, retroventral 1 apical, ventral 
2-1-2-3 (apical); metatarsus dorsal 2, retrodorsal 1, 
3 apical, ventral 2-1-2-1-3 apical (very delicate). 

Legs: Leg formula: 4/3.5, 1/3.0, 2/2.73, 3/2.61. 
Measurements: Leg I: femur 2.2, patella 1.1, tibia 
1.9, metatarsus 1.6, tarsus 1.1, total 7.9. Leg II: 
femur 2.0, patella 1.1, tibia 1.7, metatarsus 1.3, 
tarsus 1.0, total 7.1. Leg III: femur 1.7, patella 0.9, 
tibia 1.2, metatarsus 1.7, tarsus 1.3, total 6.8. Leg 
IV: femur 2.4, patella 1.2, tibia 2.5, metatarsus 
1.9, tarsus 1.3, total 9.3. Palp: femur 1.0, patella 
0.8, tibia 1.0, tarsus 0.6, total 3.4. Proximal width 
patella I = 0.4mm; tibial index = 13.33. Proximal 
width patella IV = 0.3 mm, tibial index = 8.1. 

Palp (Figures 7, 8, 9): length of bulb plus embolus 
(ventral) = 1.0 mm, embolus curved, tapering. 
Tibia with small group of short, curved delicate 
spines on retrolateral face. 

Remarks 

All specimens were found in shrubland/ 
heath (wodjil) habitats dominated by acacias and 
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Figures 1-9 YUgiiniia litmaei sp. now, holotype male: 1, carapace and ehelicerae; 2, dorsal aspect abdomen; 3, sternum, 
labium, right palpal coxa (maxilla) and right coxa IV; 4, right coxa IV and inner angle of coxa HI ; 5, 
rastellum teeth on paturon of left chelicera, apical aspect; 6, right leg I, tibia, metatarsus, tarsus, retrolaterai 
view'; 7, 8, 9, right palp, tibia, tarsus, bulb and embolus ; 7, retrolaterai view (note juxtaposition from 
normal of bulb) ; 8, ventral; 9, bulb/embolus (note "normal" retrolaterai view/position. Scale lines = 1 mm 
(Figures L 2, 3, 6, 7); 0.5 mm (Figures tg 7); Figures 4, 8, 9 not to scale. 
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Allocasuarina species with a mixture of other 
shrubs and tussocky vegetation and with sandy/ 
loam soil. The species appears to be reproductively 
active in winter as all the specimens collected by 
BYM were from pitfall traps open throughout the 
year; those at Durokoppin, open continuously 
for over five years and males were collected 
mostly between April and August with a few 
"catches" possibly in March. The Durokoppin 
specimens were collected in association with 
an ecological study considering the effects of 
fire on mygalomorph spiders in the locality (to 
be presented separately elsewhere) and also as 
part of a systematic survey of the mygalomorph 
fauna of selected bush remnants (including 
nature reserves) in the central wheat belt (see 
Main 1996). Of special interest is the large number 
of specimens found in the pits at Durokoppin 
during some years, which suggests a surprising 
population density. Although Yilgarnia specimens 
have been collected from silk-lined burrows at 
other localities they are extremely cryptic. The 
entrances, when open form a slightly hooded 
collapsible collar. 

Etymology 

This species is named in honour of Carl 
Linnaeus whose instigation of the binomial system 
for biological taxonomy has given systematists 
the only lasting and guiding framework for the 
naming of species. 
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Three new species of the Australian orsolobid spider genus Hickmanolobus 
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Abstract - Three new species of the Australian orsolobid spider genus 
Hickiumiolobus Forster and Platnick 1085 are described from Queensland and 
New South Wales. Hickiumiolobus ibisca sp. nov., Hickmanolobus jojo sp. nov. 
and Hickmmiolobus liuuaci sp. nov. are the first Hickmmiolobus species to be 
described from the mainland of Australia. 


INTRODUCTION 

The tribe Orsolobini Cooke was separated from 
the Dysderidae by Forster and Platnick (1985), 
who established the family Orsolobidae. With 
about 180 described species in 28 genera the 
Orsolobidae are an important component of the 
forest litter fauna of the southern hemisphere 
(Forster and Forster 1999; Griswold and Platnick 
1987; Platnick and Brescovit 1994). To date there 
are only four genera known from Australia. The 
most common Australian genus, Tasmanoonops 
Hickman 1930, with 29 species, occurs mainly in 
the wet forests of eastern Australia although two 
species are recorded from Western Australia. Until 
now the remaining three genera were monotypic: 
Australians Forster and Platnick 1985 is recorded 
from the South West corner of Western Australia, 
whilst the described species of Cornifalx Hickman 
1979 and Hickmmiolobus Forster and Platnick 
1985 are from Tasmania. Forster and Platnick 
mentioned that Hickmanolobus also occurred on 
mainland Australia but did not describe any of 
these species, so here we formally describe species 
of Hickmanolobus from the mainland of Australia 
for the first time. 

To celebrate the tercentenary of Linnaeus' 
birth in 1707 and the 250 lh anniversary of the 
publication of the Si/stema Naturae one of the new 
species of Hickmanolobus is named in honour of 
Carolus Linnaeus. 

MATERIAL AND METHODS 

Specimens were examined using a LE1CA 
MZ16A microscope. Photomicrographic images 
were produced using a Leica DFC 500 and the 
software program AutoMontage Pro Version 5.02 
(p). Specimen parts were prepared for scanning 
electron microscopy by dehydration through 


stages of 95% and 100% ethanol and then critical 
point drying. SFM's were taken with a Hitachi 
LEO 435VP SEM using a Robinson backscatter 
detector. Descriptions were generated with the aid 
of the PBI descriptive goblin spider database and 
shortened where possible. The map was created 
with Biolink version 1.5 (CSIRO Entomology, 
Canberra, Australia; http://www.biolink.esiro. 
au/). All measurements are in millimetres. 
Throughout the text, figures cited from other 
publications are listed as "figure", those given in 
this paper as "Figure". 

Abbreviations used in the text and figures: 
ALE, anterior lateral eve(s); ECC, embolus 
conductor complex; PLE, posterior lateral eve(s); 
PME, posterior median eye(s); PBI: Planetary 
Biodiversity Inventory; SEM, scanning electron 
microscope. For specimen registration numbers, 
the prefix AM indicates that the specimen is 
deposited in the Australian Museum, Sydney; QM, 
ditto for the Queensland Museum, Brisbane. The 
specimens of Hickmanolobus iitollipes (Hickman 
1932) examined for comparative purposes were: 
< 39 , Tasmania, East Risdon, 23 September 1947, V.V. 
Hickman (AM KS2707; this male was described by 
1lickman 1979); 3 same data (AM KS30369). 

SYSTEMATICS 

Family Orsolobidae Cooke 1965 
Hickmanolobus Forster and Platnick 1985 
Type species 

Oonopinus mollipes Hickman 1932 by original 
designation. 

Diagnosis 

Orsolobids without leg spines; tarsal organ low 
with three small receptor nodes, few cuticular 
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lobes and no elongated receptor spine; claws 
evenly, strongly pectinate on both margins 
without lateral flanges; chelicerae with two teeth 
on each margin; male palpal bulb squat, embolus 
distal, associated with a secondary lobe covered 
with tiny spicules; female genitalia with a large 
posterior recep-taculum. The abdominal dorsum 
shows a purple pigmentation. 

Description 

Small orsolobids, total length of males c. 1.4-1.8, 
and females 1.7-2.2. Carapace ovoid, anteriorly 
broad with rounded posterolateral corners, 
lateral margin and clypeus rebordered, surface 
granulate (Figures 21-23). Clypeus slightly 
curved downwards in front view and slightly 
sloping forward in lateral view (Figures 22, 24, 
11—15). Clypeus high, ALE separated from edge of 
carapace by more than their radius (Figures 16-20, 
24). Clypeus and non marginal pars cephalica 
with needle-like setae (Figure 21), setae sparse 
or absent marginally. Chilum absent (Figure 26). 
Six eyes, well developed, almost equal in size. 
ALE oval, PME oval, PLE circular; posterior eye 
row recurved, from above (Figures 1-5, 21) and 
front view (Figures 16-20, 24). ALE-ALE separated 
by more than ALE diameter, ALE-PLE adjacent, 
PME-PME touching throughout most of their 
length, PLE-PME separated by less than PME 
radius in smaller species (eyes relatively smaller 
in the larger H. Mollipes ). Sternum longer than 
wide, not fused to carapace, surface smooth, 
anterior margin unmodified, posterior margin 
truncate, not extending posteriorly beyond base 
of coxa IV, with narrow extensions between coxae 
(Figures 6-10). Sternal setae sparse, needle-like, 
densest and most robust anteriorly and laterally 
(Figure 23). Chelicerae with two teeth on each 
margin. Cheliceral fang directed medially, 
without prominent basal process. Cheliceral setae 
needle-like, evenly scattered (Figure 25). Labium a 
truncated triangle with anterior margin indented 
medially, not fused to sternum. Endites about 
three times as long as wide, not excavated distally, 
curving around labium to almost meet medially, 
with serrula in single row, anteromedian tip 
and posteromedian part unmodified (Figure 26). 
Abdomen ovoid, dorsum dark purple with pale 
chevrons in posterior half (Figures 1-5; Hickman 
1979 figure 5), covered with needle-like setae; 
book lung covers large, elliptical, without setae. 
Pedicel tube short, unmodified. Leg spines absent. 
Metatarsi I-IV with one trichobothrium positioned 
distally on leg I, progressively closer to mid point 
in legs II—IV (Figures 31-34), trichobothrium base 
oval with dorsal hood (Figure 27). Tarsi I-IV: claw 
tufts with spatulate setae (Figures 28-30). Claws 
evenly, strongly pectinate on both margins but 
without lateral flanges (Figures 39-42; Forster and 


Platnick 1985 figure 327). Tarsal organ on tarsi 
I-IV and cymbium low with three small receptor 
nodes and several cuticular lobes (Figures 39-43; 
Forster and Platnick 1985 figures 329-330). Male 
palpal bulb not strongly sclerotized, cream to 
yellow-brown (Figures 44-52). Palpal femur more 
than two times as long as trochanter; patella half 
to two-thirds as long as femur; tibia about as 
long as patella; cymbium narrow in dorsal view; 
bulb extremely large, about three times as long 
as cymbium, pear-shaped; embolus conductor 
complex arising from invagination in apical 
bulb, associated retrolaterally with membranous 
secondary lobe covered with tiny spicules (Figures 
53, 56, 59; Forster and Platnick 1985 figures 
331-332). Female epigastric area with two pairs 
of booklung openings, epigastric fold broadly 
rectangular or semicircular, female internal 
genitalia with large posterior receptaculum 
(Figures 68-74; Forster and Platnick 1985 figure 
244). 

Characters listed above only visible clearly 
using SEM were not confirmed in H. ibisca or 
H. jojo. Species descriptions primarily discuss 
variations from the generic plan. 

Remarks 

Only one species, Hickmanolobus mollipes , 
currently belongs to this genus. The new 
Hickmanolobus species described here are clearly 
separated from H. mollipes by their strongly 
v-shaped and separated abdominal chevrons 
and their much shorter embolus (compare with 
Hickman 1979 figure 5; Forster and Platnick 1985 
figure 332). The specimens were found among the 
oonopid collections of the Queensland Museum 
and the Australian Museum when sorting 
specimens for the "Goblin Spider PBI project". The 
three orsolobid species were initially misidentified 
as being related to Ore best in a Simon 1882 due to 
their similar body shape. The distinctive tarsal 
organ and the doubly pectinate claws were seen 
when SEM images of H. linnaei sp. nov. were 
examined and it was realised that the species 
belonged to Hickmanolobus. The form of the palpal 
bulb, with a secondary lobe covered with tiny 
spicules, and of the female internal genitalia with 
large posterior receptaculum are also consistent 
with the characters recorded for H. mollipes by 
Forster and Platnick (1985). 

Key to species of Hickmanolobus 


1. Males...2 

Females (unknown for H. jojo) .5 


2. Palpal embolus long, spiniform (Forster and 
Platnick figure 332), anterior abdominal 
chevron broad and almost straight, posterior 
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chevrons narrower, overlapping to form 

ragged stripe.//. niollipes (Hickman 1932) 

Palpal embolus short, triangular (Figures 
53-59), anterior chevron distinctly angular, 
posterior chevrons, if any, separate.3 

3. Carapace yellow-brown with dark purple 

reticulate pattern (Figure 3), bulb large, wider 
than length of cymbium and tibia combined 

(Figures 44-46, 53-55). H. ibisca sp. nov. 

Carapace yellow-brown without dark purple 
coloration, bulb smaller, as wide as or less 
than length of cymbium and tibia combined 
(Figures 47-52, 56-61).....4 

4. Bulb shorter than length of cymbium and 

tibia combined, embolus triangular (Figures 

50-52?, 59-61). H. jojo sp. nov. 

Bulb as wide as length of cymbium and tibia 
combined, embolus scooped with rounded 

tip (Figures 47-49?, 56-58, 65-67). 

.H. linnaei sp. nov. 

5. Anterior abdominal chevron broad and 

almost straight, posterior chevrons narrower, 
overlapping to form ragged stripe (Hickman 

1979 figure 5).H. niollipes (Hickman 1932) 

Anterior chevron distinctly angular, posterior 
chevrons, if any, separate (Figure 2, 4).6 

6. Carapace with dark purple reticulate pattern, 

epigastric fold with posteriorly directed, 
v-shaped projection, posterior margin with 
rectangular sclerite, internal female genitalia 
with large posterior receptaculum divided 
into three circular compartments (Figures 69, 

70, 73, 74)... H. ibisca sp. nov. 

Carapace without dark purple reticulate 
pattern (Figure 2), epigastric fold widely 
oval, posterior margin straight, internal 
female genitalia with elongated posterior 
receptaculum divided into three more 
triangular compartments (tapering 

posteriorly) (Figures 68, 71, 72). 

.H. limmei sp. nov. 

Hickmanolobus limmei sp. nov. 

Figures 1, 2, 6, 7, 11, 12, 16, 17, 21-43, 47-49, 68, 71, 
72, 75 

Material examined 

Holotype 

Australia: New South Wales: 6, Cool ah 

lops National Park, Breeza Lookout, 31°49T7”S, 

150 C 1V28 M F, 7-25 November 2001, M. Gray, G. 

Mil ledge, H. Smith, pitfall trap (AM kS 103319, 
P BI DON_00023085). 


Allotype 

Australia: New South Wales: V, same locality 
as hototvpe (AM KS103320, PB1 OON 00023212). 

Other material examined 

Australia: New South Wales: 8 <$, 1 9, same 
locality as holotvpe (AM KS75419, PBI_OON_ 
00020291). 

Diagnosis 

Males resemble those of H. jojo but the male 
palpal bulb is bigger, width of bulb (measured 
based 1\ ) is equal to cymbium and tibia combined 
(Figure 47); the embolus conductor complex is 
wider than in H. jojo. Females can be separated 
from H. niollipes and H. ibisca bv the abdominal 
colour pattern (female of H. jojo unknown); 
internal genitalia with posterior receptaculum 
tapering posteriorly to a rounded point. 

Description 

Male 

Total length 1.43. Carapace 0.70 long, 0.54 wide, 
caput width 0.30; abdomen 0.73 long, 0.52 wide. 
Carapace dark yellow-brown, sternum, chelicerae, 
endites and labium yellow-brown. Abdominal 
dorsum dark purple with four pale, inverted 
v-shaped chevrons; venter centrally pale, margin 
dark purple (Figures 1, 6). Legs yellow-brown. 
Palpal bulb (Figures 47-49, 56-5N 62-67) pear- 
shaped, basally as wide as tibia and cymbium 
length combined; embolus a small, curved scoop, 
secondary lobe rounded, medium sized, covered 
with tiny spicules. 

Female 

Total length 1.78. Carapace 0.71 long, 0.55 
wide, caput width 0.32; abdomen 1.07 long, 
0.79 wide. Coloration as in male (Figures 1-6). 
Epigastric fold (Figures 68, 71, 72) anteriorly 
broadly oval, posterior margin straight, without 
special features, internal female genitalia with 
elongated posterior receptaculum divided into 
three long compartments, tapering posteriorly 
to a rounded point. Tracheal system consisting 
of two simple tubes directed forward through 
the pedicel (Figure 72). 

Distribution 

This species is only known from Cool ah Tops 
National Park in northern New South Wales 
(Figure 75). 

Etymology 

The specific name is a patronym in honour of 
Carolus Linnaeus who published Systema Naturae 
in 1758. 




















328 B.C. Baehr, H.M. Smith 



Figures 1-20 Hickmanolobus habitus: 1-5, dorsal view; 6-10, ventral view; 11-15, lateral view; 16-20, frontal view. 1, 6,11, 
16: H. linnaei 8; 2, 7,12,17: H. linnaei 9; 3, 8,13,18: H. ibisca 8; 4, 9,14,19: H.ibisca 9; 5,10,15, 20: H. jojo 
8 . 



Figures 21-24 Hickmanolobus linnaei sp. nov., male. Carapace: 21, dorsal, 22, lateral; 23, ventral; 24, frontal view. 
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Figures 25, 26 Hickmanolobus linnaei sp. nov., male Mouthparts: 25, chelicerae, frontal; 26, endites, labium, ventral. 



Figures 27-30 Hickmanolobus linnaei sp. nov., male: 27, trichobothrial base, metatarsus I; 28-30, claw tafts ventral: 28, leg 
I; 29, leg II; 30, leg IV. 



Figures 31-34 Hickmanolobus linnaei sp. nov., male, metatarsi I-IV: 31, leg I; 32, leg II; 33, leg III; 34, leg IV. 
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Figures 35-38 Hickmanolobus linnaei sp. nov., male, tarsi I-IV: 35, leg I; 36, leg II; 37, leg III; 38, leg IV. 



Figures 39-43 Hickmanolobus linnaei sp. nov., male, tarsal organ: 39, leg I; 40, leg II; 41, leg III; 42, leg IV; 43, cymbium. 
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Figures 44-52 Hickmanolobus , palps: 44,47,50, prolateral view; 45,48, 51, dorsal view; 46. 49,52, retrolateral view; 44-46: 

Hickmanolobus ibisca sp. nov.; 47-49, Hickmanolobus linnaei sp. nov.; 50-52: Hickmanolobus jojo sp. nov. 
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Figures 53-61 Hickmanolobus, palps: 54, 56, 59, prolateral view; 54, 57, 60, dorsal view; 55. 58, 61, retrolateral view; 53-55, 
Hkkmmmlobm ibiscn sp. nov.; 56-58, Hicktmmolobm linnaei sp. nov.; 59-61: Hickmanolobus jo jo sp. nov. Scale 
lines = 0.1 mm. 
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Figures 62-67 Hickmanolobus linnaei sp. nov., male, palp: 62, prolateral view; 63, dorsal view; 64, retrolateral view;65, 
palp, ventral view; 66, embolar complex, ventral view; 67, embolus, retrolateral view. 


Allotype 

Australia: Queensland: 9, same locality as 
holofype (QM S55526, PBI_OON_00022897). 

Other material examined 

Australia: Queensland: 1 d, same as holotype 
but IQ 700C, 11-20 October 2006, K. Staunton 
(QM S81069, PBI_OON_00006344); 1 d, same 
as holotype but IQ 700 D (QM S81119, PBI_ 
OON_00022718). New South Wales: 1 d, Cherry 



Figures 68-70 Hickmanolobus, female genitalia: 68, Hickmanolobus linnaei sp. nov., female epigyne, ventral view; 69-70, 
Hickmanolobus ibisca sp. nov.: 69, ventral view; 70: dorsal view. 


Hickmanolobus ibisca sp. nov. 

Figures 3, 4, 8, 9,13,14,18,19, 44-46, 53-55, 69, 70, 
73-75 

Material examined 

Holotype 

Australia: Queensland: d, Lamington National 
Park, IBISCA Old Plot# IQ 700-B, 775 m, 28°19'S, 
153°12'E, 2-6 October 2006, rainforest, B. Baehr, 
K. Staunton, pitfall trap (QM S81126, PBI_OON_ 
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Figures 71-74 Hicknumolobus, female genitalia: 71-72, Hicknumolobus linnaei sp. nov., female epigyne: 71, ventral, view; 

72, dorsal view; 73-74, Hickmanolobiis ibisca sp. nov., female epigyne: 73, ventral; 74, dorsal. Scale lines = 

0.1 mm. 


Tree North State Forest, 400 m, 28 0 54'S, 152°45’E, 
rainforest, April-May 1976, M. Gray, C. Horseman, 
pitfall trap (AM KS10314, PBI„OON_00020230). 

Diagnosis 

The male palpal bulb and secondary lobe 
resemble that of H. mollipes, but the embolus is 
short and almost straight; compared to H. linnaei 
the male bulb is bigger, width of bulb (measured 
basally) is greater than eymbium and tibia 
combined (Figure 44, <*»); the embolus conductor 
complex is wider than in H. limmei (Figures 45, 
54). Females can be separated from H. mollipes and 
H. linnaei by the abdominal colour pattern (female 
of H. jojo unknown); epigynum with \-shaped 
projection. 


Description 

Male 

Total length 1.42. Carapace 0.62 long, 0.51 
wide, caput width 0.29; abdomen 0.80 long, 0.41 
wide. Carapace yellow-brown, with dark purple 
reticulate pattern (Figure 3), sternum, chelicerae, 
endites and labium yellow-brown, slightly mottled 
with dark purple. Abdominal dorsum dark 
purple with one pale inverted v-shaped chevron; 
venter centrally paler, margin dark purple. Legs 
yellow-brown. Palpal bulb (Figures 44-46, 53-55) 
bulbously pear-shaped, basally wider than tibia 
and eymbium length combined. Embolus needle- 
like, sharply pointed, secondary lobe broad, 
probably covered with tiny spicules. 
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Figure 75 Distribution of the genus Hkkrmmoiobas from mainland Australia: H. ibisca sp. nov. (■), H. liiumci sp. no\. {#}, 
//. jo jo sp. nov. (A). 


Female 

Total length 1.72. Carapace 0.66 long, 0.52 wide, 
caput width 0.28; abdomen 1.06 long, 0.65 wide. 
Coloration as in male. Epigastric fold (Figures 69, 
70, 73, 74) anteriorly broadly oval with posteriorly 
directed, v-shaped projection, posterior margin 
with rectangular sclerite, internal female genitalia 
with with large globular posterior receptaculum 
divided into three compartments. Tracheal system 
consists of two simple tubes directed forward 
through the pedicel (Figure 74). 

Distribution 

This species occurs in rainforests near the 
border of New South Wales and Queensland 
(Figure 75), 

Etymology 

The specific name is a patronym in honour 
of Ibisca Queensland (Investigating the 
Biodiversity of Soil and Canopy Arthropods). 
I disc a Queensland, initiated by Roger Kitching 
from Griffith University, is a joint initiative of the 
Smithsonian Institute, the Queensland Museum, 


Queensland Herbarium, Queensland National 
Parks and Wildlife Service, Global Canopy 
Programme, National Parks Association of 
Queensland and SEQ Catchments, with additional 
support from the Queensland Government 
through its Smart State Innovation Projects Fund. 

Hickmanolobus jojo sp. nov. 

Figures 5, 10, 15, 20, 50-52, 59-61,75 

Material examined 

Holoti/pe 

Australia: Ne w South W a l e s : 6 , 

Warrumbungles Range, Siding Springs Road, 0.9 
km from observatory', 3I T6T5"S, 149°04'31"E, 10-24 
November 200 F M. Gray, G. Mil ledge, 11 Smith, 
pitfall trap (AM KS75447’ PBQOONJ)00205b4). 

Diagnosis 

Males resemble those of 11. limtaei but the palpal 
bulb is more slender; width of bulb (measured 
b a sally) is shorter than cvmbium and tibia 
combined (Figure 50); the embolus conductor 
complex is narrower than in B. liminei. 
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Description 

Male 

Total length 1.43. Carapace 0.66 long, 0.49 
wide, caput width 0.28; abdomen 0.77 long, 0.51 
wide. Carapace, sternum, chelicerae, endites 
and labium yellow-brown. Abdominal dorsum 
dark purple with one pale, inverted v-shaped 
chevron, followed by about three obscure, more 
horizontal chevrons (Figure 5); venter dark 
purple, only epigastric area pale (Figure 10). 
Legs yellow-brown. Palpal bulb (Figures 50-52, 
59-61) pear-shaped, basally shorter than tibia 
and cymbium length combined. Invagination 
holding the embolus conductor complex small, 
embolus triangular with pointed tip, conductor 
membranous, scooped, small secondary lobe 
probably covered with tiny spicules. 

Female 

Unknown. 

Distribution 

This species is only known from the 
Warrumbungles Range of New South Wales 
(Figure 75). 

Etymology 

The generic name is an arbitrary combination of 
letters. 
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Abstract - A new species of the spider genus Xestaspis, X. iiimaci, is described 
from the arid Pilbara region of north-western Western Australia. It represents 
the first named species from Australia. 


INTRODUCTION 

Oonopid spiders are virtually cosmopolitan in 
distribution (Jocque and Dippenaar-Schoeman 
2006), with nearly 500 described species in 73 
genera (Platnick 2008). They are small spiders, 
usually less than 4 mm in length and generally 
occur in habitats dose to the ground, such as 
leaf litter and soil. The named Australian fauna 
is remarkably small but numerous undescribed 
species have been collected and await description. 

The genus Xestaspis was proposed by Simon 
(1884) and currently includes ten species from 
different parts of the world: X. loricata (L. 
Koch 1873) from Fiji; X. nitidn Simon 1884, X. 
parumpunctata Simon 1893, X. recitrva Strand 1906, 
X. sertata Simon 1907 and X. tumidula Simon, 
1893 from Africa; X. sublaevis Simon 1893, from 
Sri Lanka; X. reitnoseri Fage 1938 from Costa 
Rica; X. sis Saaristo and van Harten, 2006 and X. 
yemeni Saaristo and van Harten, 2006 from Yemen 
(Platnick 2008). The genus is, however, much more 
extensive with numerous undescribed species 
particularly from the Australasian region (Ott, 
unpublished data). As part of a large-scale review 
of the genus associated with a global review of the 
family Oonopidae (see http://researeh.amnh.org/ 
oonopidae/), we here describe a new species of 
Xestaspis from the arid-zone of Western Australia. 

The specimens examined for this study are lodged 
in the Western Australian Museum, Perth (MAM). 
The descriptions follow the main protocol adopted 
bv the PB1 Oonopidae (http://research.amnh.orgl' 
oonopidae). The specimens were examined with a 
Leica MZ16A microscope, and digital images were 
composed using the software program AutpMout¬ 
age Pro Version 5.02 (p) utilizing multiple images 
taken with a 1 eica DEC 500 digital camera attached 
to the Leica microscope. Male pedipalps and female 
genitalia were cleared after immersion in clove oil 


for at least 24 h and examined with an Olympus 
HI 1-2 compound microscope and illustrated with the 
use of a drawing tube. The female ventral scuta and 
genitalia were submitted to additional examination 
after immersion in glycerol with 10% lactic acid at 
room, temperature for at least one week. 

The following abbreviations were used in the 
manuscript: ALE, anterior lateral eyes; PI 1 , 
posterior lateral eves; PME, posterior median 
eyes. 

Family Oonopidae Simon 1890 

Genus Xestaspis Simon 1884 

Xestaspis Simon 1884: 324, 

Type species 

O a flops lark a! us 1. Koch 1873 by original 

designation. 

Diagnosis 

Species of Xestaspis most closely resemble those 
of Ganuisoiuorplm , from which they differ by the 
modified ante rod or sal edge of the book lung 
covers, which bears a remarkable pointed tubercle. 
In addition, the body is heavily sclerotized, 
the carapace moderately high, with six well- 
developed eyes, the endit.es lack any conspicuous 
modifications, with a complete set of abdominal 
scuta, and legs without obvious spines. 

Xestaspis linnaei sp. nov. 

Figures 1-4 

Material examined 

Hobtypc 

Australia: Western Australia: 6, Pilbara region: 
23 km NET of Warravvagine 1.iomestead, survey 
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site PHYE01, 1 July 2005-21 August 2006 (WAM 
T80495; PBI-OON 00004225). 

Paratypes 

Australia: Western Australia: Pilbara: 1 9, 
collected with holotype (WAM T83175; PBI- 
OON 00005473); 1 6, 27 km NE. of Warrawagine 
Homestead, survey site PHYE02, 1 July 2005-21 
August 2006 (WAM T80494; PBI-OON 00004230). 


Diagnosis 

Xestaspis linnaei is a medium-sized oonopid 
(total body length 2.2-2.4 mm) with red-brown 
body and an ovoid abdomen. The species can 
be identified by the male pedipalpal conductor 
with small denticles situated anterodorsally; by 
the shape of the female internal genitalia, with 
a bell-shaped receptaculum with a short dorsal 
glandular duct. It differs from all other previously 
described species by the epigastric scutum 



Figure 1 Xestaspis linnaei sp. nov., male: A, body, dorsal view. B-D, abdominal ventral scutum: B, ventral view; C, 
frontal view; D, lateral view. E, distal region of embolus, retrolateral view. Scale lines: A, 1.0 mm; B-D, 0.5 
mm; E, 0.25 mm; F, 0.025mm. Abbreviations: Bp, embolic set basal portion; Bcp, booklung covers, anterodorsal 
process; Cd, conductor; Em, embolus; Spo, spermatic opening; Spr, supra-pedicellar scutal ridge; Scr, 
semicircular ventral-arched ridge (arrows). 
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Figure 2 Xestaspis linnaei sp. nov., male, right palp: A, prolateral view; B, retrolateral view; C, dorsal view; D, frontal 
view. Scales: 0.25 mm. 


projecting far anteriad of the pedicel (almost 
twice the size of the pedicel diameter) with a 
conspicuous semicircular ventral-arched ridge 
between the supra-pedicellar scutal ridge and the 
dorsal end of the epigastric scutum (Figures 1B-D, 
3B-D; arrows). 

Description 

Male holotype 

Carapace: dark red-brown, pars thoracica 
granulate; clypeus high, ALE separated from 
edge of carapace by their radius or more. Eyes: 
PME circular; eye interdistances: ALE-ALE 
separated by ALE radius to ALE diameter, ALE- 
PLE separated by less than ALE radius, PME-PME 
touching for less than half their length, PLE-PME 
separated by less than PME radius. 

Sternum: orange-brown; posterior border 
quadrate and truncated. 

Mouthparts: chelicerae, endites and labium 
orange-brown; chelicerae paturon inner margin 


slightly concave with a brush of short thorn-like 
setae. 

Abdomen: rounded; booklung cover with antero- 
dorsal process positioned as far from the pedicel 
as from the epigastric scutum lateral border 
(Figures IB, 1C); abdominal setae serrate. 

Abdominal scuta: orange-brown, surface with 
large setal bases; antero-superior border of the 
epigastric scutum, which extends far dorsal of 
the pedicel, almost twice the diameter of the 
pedicel (Figures 1C, ID); scuto-pedicel region with 
straight scutal ridge forming a fold over anterior 
edge of booklungs (Figure ID); conspicuous 
ventral-arched ridge between the main scutal 
ridge and anterodorsal end of epigastric scutum 
(Figure ID); antero-dorsal post-epigastric scutum 
rounded (Figure IB). 

Legs: pale-orange. 

Male genitalia: palpal bulb shorter than cymbium; 
lamellar embolus with straight and dorsally 
directed tip and sub-terminal and retrolateral 
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Figure 3 Xestaspis linnaei sp. nov., female paratype: A, body, dorsal view; B-D, abdominal ventral scutum; B, ventral 
view; C, lateral view; D, frontal view; E, carapace, posterior view; F, genitalia, dorsal view. Scale lines: A, 
1.0 mm; B-D, 0.5 mm; E, F, 0.25 mm. Abbreviations: Al, anterior apodeme; A2, posterior tracheal opening 
apodeme; Ma, epigastric scutum genital area muscle attachment sclerites; TScl, T-sclerite; Gd, glandular duct; 
Re, receptaculum; arrows, semicircular ventral-arched ridge. 
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Figure 4 Distribution records of Xestaspis linnaei sp. nov (•). 


sperm duct opening; conductor shorter than 
embolus, with small denticles at anterodorsal end, 
and a retrolaterally curved ventral tip (Figures IE, 
2A-D). 

Dimensions (mm): Total body length 2.23. 
Carapace length 0.99, width 0.82, height 0.36, 
carapace width (near posterior eye row) 0.38. Eve 
group length 0.19, width 0.34. Clypeus height 
0.06. Chelicera length 0.36. Sternum length 0.61, 
width 0.48. Dorsal scutum length 1.53, width 1.16. 
Post-epigastric scutum length (from epigastric 
furrow to posterior border of ventral scutum) 0.65, 
width 1.03. Leg 1: femur 0.59, patella 0.32, tibia 
0.38, metatarsus 0.38, tarsus 0.23. Leg II: femur 
0.57, patella 0.32, tibia 0.38, metatarsus 0.38, tarsus 
0.23. Leg III: femur 0.53, patella 0.29, tibia 0.34, 
metatarsus 0.36, tarsus 0.21. Leg IV: femur 0.73, 
patella 0.40, tibia 0.53, metatarsus 0.50, tarsus 0.27. 

/ emnh' para type 

As for male, except as follows: 

Mouthparts: 6 he 1 1 coral paturon inner margin 
w i t h i n t e r - d i g i t a t i n g set a e n o t f o r m i. n g a 
conspicuous brush. 

Abdominal scuta: scuta I ridge fold over the 
booklungs less conspicuous than in male (Figure 
3C). 


Female palp: Female tarsus slightly swollen 
distall)' with a dorsal patch of plumose setae. 

Female genitalia: Receptaculum well delimited, 
bell-shaped, reaching to the posterior tracheal 
spiracle groove; short dorsal glandular duct 
attached to anterior portion of receptaculum and 
extending half way between epigastric furrow and 
posterior tracheal spiracle grove (Figure 3F). Large 
well delimited anterior T-shaped sclerite present. 
Anterior a pod ernes large, well sclerotized, slightly 
convergent posteriorly; posterior tracheal opening 
apodemes large, straight longitudinally, wifi 
sclerotized (Figure IF). 

Dimensions (nun): total body length 2.38. 
Carapace length 1.05, width 0,88, height 0.40, 
carapace width (near posterior eye row) 0.40. 
Eye group length 0.19, width 0.34. Clypeus 0.08. 
Chelicera length 0.38. Sternum length 0.55, width 
0.44. Dorsal scutum length 1.81, width 1.43. Post- 
epigastric scutum length (from epigastric furrow 
to posterior border of ventral scutum) 0.86, width 
1.34. Leg 1: femur 0.69, patella 0.36, tibia 0.46, 
metatarsus 0.42, tarsus 0.23. Leg II: femur 0.67, 
patella 0.38, tibia 0,48, metatarsus 0.42, 0.23. Leg 
III: femur 0.63, patella 0.34, tibia 0.40, metatarsus 
0.40, tarsus 0.22. Leg IV: femur 0,82, patella 0.46, 
tibia 0.59, metatarsus 0.55, tarsus 0.32. 
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Remarks 

Xestaspis linnaci is assigned to the genus 
Xestaspis due to the presence of a strong dorso- 
anterior process on the booklung covers (Figures 
1B-D, 3B-D). This species is only known from 
the Pilbara region of Western Australia (Figure 4) 
where the only known specimens were collected 
using pitfall traps. 

Etymology 

This species is named for Carolus Linnaeus 
(1707-1778), founder of the binomial system of 
taxonomic nomenclature. 
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Abstract - A new species of Mieropholcomma Crosby and Bishop, M. linnaci, 
is described from the south coast of south-western Western Australia. 
Mieropholcomma linnaci is the first species of Micropholcommatidae to be 
described from Western Australia, and most closely resembles AT turbans 
1lick man from Tasmania. 


INTRODUCTION 

The Micropholcommatidae are a family of 
small to minute araneoid spiders, known from 
Australia, New Zealand, New Caledonia, Papua 
New Guinea, Chile and Brazil (Rix et al. 2008). 
The nominate genus, Mieropholcomma, was first 
described by Crosby and Bishop (1927), and six 
species have since been described from Victoria 
and Tasmania: M. bryophilum (Butler 1932), Al. 
caeligenum Crosby and Bishop 1927, Al. longissimum 
(Butler 1932), AT minim Hickman 1944, Al. 
parmatum Hickman 1944 and Al. turbans Hickman 
1981 (see Platnick 2008). Despite the small number 
of described species, the genus Mieropholcomma is 
widespread and quite diverse in both eastern and 
south-western Australia (see Forster 1959; Main 
1974), where species live within the moss and leaf 
litter of forested habitats. All are tiny, short-legged 
spiders (usually less than one millimetre in body 
length), often with heavily sclerotised abdomens 
and reduced female peelipalps. 

Mieropholcomma linnaei sp. nov. - the first 
species of Mieropholcomma to be described from 
Western Australia - is named in honour of 
Carolus Linnaeus on the 230" anniversary of the 
publication of Systema Naturae. 

MATERIAL AND METHODS 

The specimens examined as part of this study 
are lodged at the Western Australian Museum, 
Perth (\ \ AM), the Field Museum, Chicago (EMC) 
and the American Museum of Natural History, 
New York (AMNH). All specimens were described 
and illustrated in 75% ethyl alcohol. Digital 
photographs were taken through a Leica MZ16 
binocular microscope ( Wot/lar. Germany) and 

an Olympus Bf.1-2 compound microscope (Tokyo, 

Japan) using a Q-lmaging Micropublisher 5.0 RTV 
mounted camera (Burnaby, Canada) with Auto- 


Montage Pro imaging software by Syncroscopy 
(http://www.syncroscopy.com/syncroscopy/ 
am.asp, verified April 2008). Female epigynes 
were dissected and cleared in a gently-heated 
solution of 10% potassium hydroxide. 

All measurements are in millimetres, and 
locality coordinates marked with an asterisk 
(*) were estimated using Google™ Earth. The 
following abbreviations are used throughout the 
text: ALE, anterior lateral eves; AME, anterior 
median eyes; PEE, posterior lateral eyes; PME, 
posterior median eyes. 

SYSTEMATICS 

Family Micropholcommatidae Hickman 1944 
Genus Mieropholcomma Crosby and Bishop 1927 

Mieropholcomma Crosby and Bishop 1927: 152. ' 

Microlim/pheus Butler 1932: 103. Synonymised by 
Hickman 1944: 186. 

Plectochetos Butler 1932: 106. Synonymised by 
Forster 1959: 297. 

Type species 

Micropholcomma: Mieropholcomma cacfigenum 
Crosby and Bishop 1927, by original designation. 

Microlinypheus: Microlinypheus bryophilus Butler 
1932, by monotvpy. 

Plectochetos: Plectochetos longissimus Butler 1932 
by monotype. 

Mieropholcomma linnaei sp. nov. 

Figures 1-11 

Material examined 

/ loloiype 

Australia: Western Australia: j, Walpole- 
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Nornalup National Park, Giant Tingle Area, 8 
km north-east of Walpole, 34°59'S, 116°47'E*, 19 
December 1976, mixed Eucalyptus litter, J. Kethley 
(WAM T85552). 

Paratypes 

Australia: Western Australia: Allotype 9, same 
data as holotype (WAM T85553); 33 6, 51 9, same 
data as holotype (WAM T85554); 16,3 9, same 
data as holotype (FMC); 5 6, 2 9, same data as 
holotype except Karri and Acacia litter (FMC). 

Other material examined 

Australia: Western Australia: Walpole-Nornalup 
National Park : 1 6, 1 9, Giant Tingle Tree Area, 


34°58.88’S, 116°47.42'E, 2 August 2004, Tingle- 
Allocasuarina -Karri (Eucalyptus diversicolor) forest, 
190 m, leaf and bark lifter, Newton, Thayer, 
Clarke (FMC); 1 9, Giant Red Tingle Area, 6 km 
north-east of Coalmine Beach, 34°59’S, 116°47'E 

13 December 1976, litter under Red Tingle, J. 
Kethley (FMC); 4 6, 7 9, same data (FMC); 14 6, 

14 9 , same data except litter at base of Red Tingle 
(FMC); 1 6, 2 9, same data except litter under 
Casuarina (FMC); 8 6, 12 9 , same data (FMC); 2 9 , 
Red Tingle turn-off, 5 km north-east of Coalmine 
Beach, 34°59'S, 116°47 , E, 5 December 1976, litter 
at base of log, J. Kethley (FMC); 1 6, 1 9 , same 
data (FMC); 1 6, 1 9 , same data except fungal mat 
under litter (FMC); 1 6, 3 9 , Tingle Tree, 34°59'S, 
116°47'E, 18 June-29 July 1980, litter, S. and J. Peck 


0f 



Figures 1-4 Micropholcomma linnaei sp. nov., paratype male and female from Walpole-Nornalup National Park (WAM 
T85554): 1, male habitus, dorsal view; 2, female habitus, dorsal view; 3, male habitus, ventral view; 4, 
female habitus, ventral view, showing the distinctive epigyne with visible spermathecae. 
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Figures 5-6 Micropholcomma linnaei sp. nov., paratype male and female from Walpole-Nomalup National Park (WAM 
T85554): 1, male habitus, frontal view; 2, female habitus, frontal view. 


(AMNH); 2 9 , same data except 4 July 1980, log 
and Casuarina litter (AMNH); 2 6,2 9, Anderson 
Road, near Valley of the Giants Road, 34°59'29"S, 
116°52’21"E, 2 August 2004, Tingl e-Allocasuarina- 
Karri (Eucalyptus diversicolor) forest, 120 m, leaf 
and bark litter, Newton, Thayer, et al (FMC); 2 
6, Shedley Drive, 35°00’S, 116°38'E, 22 June 1980, 
fungi and bark litter, S. and J. Peck (WAM T85555); 
1 9 , same data (WAM T87/1119-24); 1 6 ,1 9 , same 
data (AMNH); 5 9 , Collier Road, 34°59'S, 116°46’E, 
19 June 1980, Tingle base, S. and J. Peck (AMNH); 
4 3,1 9 , same data (AMNH). 

Mount Frankland National Park-. 2 6, 2 9, Mount 
Frankland, 29 km north of Walpole, 34°49'S, 
116°47'E, 15 December 1976, unburned litter 
below switch-back in Forestry Road, J. Kethley 
(FMC); 10 6, 79, same data (FMC); 2 3,4 9, Mount 
Frankland, 28 km north-east of Walpole, 34°49’S, 
116°47'E, 17 December 1976, litter under Red 
Tingle, J. Kethley (FMC). 

Warren National Park ; 8 6, 17 9 , 16 km south¬ 
west of Pemberton, 34°30’S, 115°56'E, 12 December 
1976, Karri litter, J. Kethley (FMC); 6 6 ,16 9 , same 
data (FMC); 6 9 , same data except Allocasuarina 
decussata litter (FMC). 

Other localities: 1 9, near Limeburners Road, 
adjacent to Torndirrup National Park, 35°05'27"S, 
117°54'40"E, 14 March 2008, Karri forest, sifting 
elevated leaf litter in deep gully, M. Rix, M. 
Harvey (WAM T88757). 

Diagnosis 

Males can be distinguished from all other 
described congeners except M. turbans and M. 
longissimum by the long embolus, which extends 
around the pedipalpal bulb one-and-a-half times 
(rather than a short embolus which encircles the 
bulb once; see Hickman 1944, fig. 11) (Figures 


9-10); from M. turbans by the shorter embolus 
with coils that are separated rather than tightly 
coiled (Figures 9-10); and from M. longissimum 
by the absence of a very long, tightly coiled (i.e. 
'super-coiled') embolus (see Forster 1959, fig. 67; 
Forster and Platnick 1984, fig. 369). Females can be 
distinguished from all other described congeners 
except M. bryophilum and M. longissimum by the 
presence of a small, four-segmented pedipalp 
(rather than a vestigial nubbin on the maxilla; 
see Hickman 1944, fig. 29); from M. bryophilum by 
the absence of a dorsal scute (Figure 2); and from 
M. longissimum by the shorter receptacula, with 
the spermathecae situated closer to the epigastric 
furrow than to the pedicel (Figures 4, 7-8; see also 
Forster 1959, fig. 66). 

Description 

Holotype male 

Total length 0.80. Carapace 0.36 long, 0.30 
wide. Abdomen 0.58 long, 0.43 wide. Leg I 
femur 0.23 long. Colour: carapace, chelicerae, 
sternum tan-brown; eyes pearly-white with black 
margins; legs tan-brown, patellae lighter; dorsal 
scute, anterior sclerite, spinneret sclerite, lateral 
sclerites and setal sclerotic plates of abdomen 
tan-brown, rest of abdomen cream, with dorsal 
sigillae darker tan-brown. Carapace: in lateral 
view rhomboidal, with posterior pars cephalica 
rising vertically at angle to steeply-rising pars 
thoracica; setae present on dorsal pars cephalica 
and around eyes and clypeus, with four longer, 
porrect, anteriorly-curved and length-descending 
setae present along medial pars cephalica (in 
posterior-anterior formation 2, 1, 1). Eyes: ALE, 
PME, PLE in two separated triads; AME smallest, 
separating ALE. Sternum: slightly longer than 
wide, posteriorly truncate (with coxae of leg IV 
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Figures 7-8 Micropholcomma linnaei sp. nov., paratype female from Walpole-Nomalup National Park (WAM T85554): 

7, photograph of cleared receptacula, dorsal view; 8, receptacula, dorsal view, showing spermathecae and 
ducts. ATS, anterior tracheal spiracle; FD, fertilisation duct; ID, insemination duct; SP, spermatheca. Scale 
bar = 0.048 mm (48 pm). 


widely separated), fused to carapace between 
coxae of legs and around pedicel. Labium: 
triangular, wider than long, fused to sternum. 
Maxillae: directed across labium; serrula a single 
row of teeth. Chelicerae: rectangular, distally 
divergent, bulging slightly anteriorly; promargin 
with pair of setae adjacent to base of fang, one 
peg-tooth-like seta and one broad, triangular 
tooth; retromargin with two smaller teeth. 
Abdomen: oval, overhanging posterior margin 
of carapace, covered in posteriorly-curved setae 
each projecting from small sclerotic plate; dorsal 
scute large, covering most of dorsal surface of 
abdomen, with marginal ring of 18 circular 
sigillae and several smaller sigillae; anterior 
sclerite surrounding pedicel and covering entire 
epigastric region, extending laterally behind 
epigastric furrow; spinneret sclerite encircling 
the spinnerets, longest ventrally; abdomen also 
with numerous small sclerites in rows laterally 
and ventrally; posterior tracheal spiracle situated 
slightly anterior to spinnerets. Spinnerets: six 
present, posterior to colulus. Legs: longest to 
shortest 4, 1, 2, 3; relatively short (leg I femur- 
carapace ratio 0.64), covered in setae; patellae each 
with single distal bristle-like seta and tibiae each 
with two bristle-like setae and three trichobothria; 
trichobothria absent on metatarsi. Pedipalp: 
patella with broad, distal, retrolateral apophysis 
terminating in spinous process; cymbium circular, 
cup-shaped, with marginal curved setae; tegulum 
with curved, evaginated tegular ridge situated 
within internal coil of embolus; embolus long, 
coiling around bulb one-and-a-half times. 


Allotype Female 

Total length 0.94. Carapace 0.37 long, 0.31 wide. 
Abdomen 0.70 long, 0.50 wide. Leg I femur 0.29 
long. Colour: carapace, chelicerae, sternum tan- 
brown; eyes pearly-white with black margins; 
legs tan-brown, patellae lighter; anterior sclerite, 
spinneret sclerite, lateral sclerites, sigillae and 
setal sclerotic plates of abdomen tan-brown, rest 
of abdomen cream. Carapace: with steeply-rising 
pars thoracica and posterior pars cephalica; setae 
present on dorsal pars cephalica and around eyes 
and clypeus, with four longer, porrect, anteriorly- 
curved and length-descending setae present 
along medial pars cephalica (in posterior-anterior 
formation 2, 1, 1). Eyes: ALE, PME, PLE in two 
separated triads; AME smallest, separating ALE. 
Sternum: slightly longer than wide, posteriorly 
truncate (with coxae of leg IV widely separated), 
fused to carapace between coxae of the legs and 
around pedicel. Labium: triangular, wider than 
long, fused to sternum. Maxillae: directed across 
labium; serrula a single row of teeth. Chelicerae: 
rectangular, distally divergent; promargin 
with pair of setae adjacent to base of fang, one 
peg-tooth-like seta and one broad, triangular 
tooth; retromargin with two smaller teeth. 
Abdomen: oval, overhanging posterior margin 
of carapace, covered in posteriorly-curved setae 
each projecting from a small sclerotic plate; 
dorsal surface with marginal ring of 18 circular 
sigillae and several smaller sigillae; anterior 
sclerite surrounding pedicel and covering entire 
epigastric region, extending laterally behind 
epigastric furrow; spinneret sclerite encircling 
the spinnerets, longest ventrally; abdomen also 
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Figures 9-10 Micropholcomma lintmci sp. nov., para type male from Walpole-Nornalup National Park (WAM T85554): 9, 
pedipalp, retrolateral \ iew; 10, pod i pa Ip, ventral view. CY, cymbium; I , embolus; ETR, evaginated tegular 
ridge; FE, femur; PA, patella; SI); sperm duct; Tl, tibia; TR, trochanter. Scale bar = 0.11 mm (110 pm). 


with numerous small sclerites in rows laterally 
and \ entrails; posterior tracheal spiracle situated 
slightly anterior to spinnerets. Spinnerets: six 
present, posterior to colulus. Legs: longest to 
shortest 4, 1, 2, 3; relatively short (leg 1 femur- 
carapace ratio 0.78), covered in setae; patellae each 
with single, distal bristle-like seta and tibiae each 
with two bristle-like setae and three trichobothria; 
trichobothria absent on metatarsi. Pedipalp: 
reduced in size, four-segmented, with trochanter, 
femur, patella and fused tibia-tarsus. Epigyne: 
externally distinctive, with receptacula clearly 
visible through anterior sclerite; intromittent pores 
transversely-oval, situated slightly anterior to 
epigastric furrow and anterior tracheal spiracles; 
insemination ducts long, coiled, encircling 
fertilisation ducts two times, leading into globular 
spermathecae; fertilisation ducts long, straight, 
posteriorly-d i rented. 

Distribution and habitat 

Micropholcomma hnnaei is currently known 
from Walpole-Nornalup, Mount Frank land 


and Warren National Parks, and from near 
Torridirrup National Park on the far south coast 
of south-western Western Australia (Figure 11). 
The species is probably restricted to the tall, wet 
Karri and Tingle (Eucalyptus spp.) forests which 
extend between Margaret River and Albany, and 
specimens have been collected from leaf litter and 
fallen bark. 

Etymology 

The specific epithet is a patronym in honour 
of Carolus Linnaeus (1707-1778), the founder of 
binomial nomenclature and author of System a 
Naturae. 
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Figure 11 


Map of south-western Western Australia, showing the recorded distribution of Mkrophokomma linnaei sp. 
nov. (•). 
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A new species of the spider genus Notsodipus 
(Araneae: Lamponidae) from Western Australia 


Norman I. Platnick and Nadine Duperre 

Division of Invertebrate Zoology, American Museum of Natural History, 
Central Park West at 79"' Street, New York NY 10024 U.S.A. 


Abstract - A new species of the ground spider family Lamponidae, Notsodipus 
linnaei , is described from Western Australia. 


INTRODUCTION 

The 11 genera of cent rot he line lamponids are 
known only from Australia (including Tasmania), 
New Guinea, and New Caledonia, and five of 
them ( Bigeuditia Platnick 2000, Prionostermnu 
Dunn 1951, Asadipus Simon 1897, Notsodipus 
Platnick 2000, and Longepi Platnick 2000) are 
conspicuous members of the Western Australian 
ground spider fauna (Platnick 2000). Of these, 
Asadipus and Notsodipus are the most speciose, 
and in both cases over half their species occur in 
Western Australia. We describe here a new species 
of Notsodipus recently collected at Mount Gibson, 
and are pleased to participate in this celebration 
of the legacy of Carolus Linnaeus. 

Our methods, and the format of the description, 
follow those used in the monograph of Platnick (2000). 

SYSTEMATICS 

Family Lamponidae Simon 1893 
Subfamily Centrothelinae Platnick 2000 
Notsodipus Platnick 2000 

Notsodipus Platnick 2000: 269. 

Type species 

Notsodipus dalby Platnick 2000, by original 
designation. 

Remarks 

The genus Notsodipus occurs over much of 
mainland Australia, and is particularly abundant 
in the drier regions of the continent (Platnick 
2000). There are currently 17 named species 
(Platnick 2000). 

Notsodipus linnaei new species 

Figures 1 A B 

Material examined 

Hoiotype 

Australia: Western Australia : 6, Mount Gibson 


iron-ore mine, Banded Ironstone Range, Iron 
Hill west facing, 29°36'1trS, T17H0'20'T (GPS), 30 
April-11 May 2005, M.S. Harvey, S. Thompson, 
wet pitfall trap (WAM T82881). 

Para type 

Australia: Western Australia: 1 6 , Mount 
Gibson iron-ore mine, Ironstone Slope, Iron Hill 
east facing, 29°36'08"S, T17H0'27'T (GPS), 15-30 
April 2005, S. Thompson, wet pitfall trap (WAM 
T82880). 

Diagnosis 

Because the ventral prong of the terminal 
apophysis terminates in a single sharp point, 
the tegulum has only a tiny proximal projection, 
the embolus extends only to the distal portion 
of the tegulum, the dorsal prong of the terminal 
apophysis does not form a tube-shaped structure 
behind the ventral prong and does not bear a 
prolaterally directed spur, and the retrolateral 
tibial apophysis is relatively short and has a 
relatively narrow base, males will key out to 
Notsodipus ijiiobba Platnick, and may represent the 
sister species of M quobba, as these two species 
uniquely share a subdistal projection on the 
dorsal prong of the terminal apophysis. Males 
of N. linnaei can be distinguished by having 
that projection directed prolaterally rather than 
distallv, and by the larger tip of the dorsal prong 
of the terminal apophysis. 

Description 

Male (based on hoiotype) 

Total length 3.1. Abdominal dorsum seemingly 
uniformly gray under scutum, venter unmarked. 

I.eg spinet ion: tibia III vO-O-lp. Retrolateral 

tibial apophysis relatively short, narrow at 
base; terminal apophysis with ventral prong 
terminating in single sharp point, dorsal prong 
wide, recurved, bearing subdistal, prolaterally 
directed projection (Figures 1A.B). 
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A 


B 


Figure 1 Notsodipus linnaei sp. nov, male holotype: A, left palp, ventral view; B, same, retrolateral view. Scale bar = 0.1 
mm. 


Female 

Unknown. 

Other material examined 

None. 

Distribution 

Known only from Mount Gibson, Western 
Australia. 

Etymology 

The specific epithet in a patronym in honor of 
the founder of binomial nomenclature. 
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Revisions of Australian ground-hunting spiders: 
III. Tuxoctenus gen. nov. (Araneomorphae: Zoridae) 


Robert J. Raven 

Queensland Museum, PO Box 3300, South Brisbane, Queensland 4101, Australia. 
I nniI: Robert.Raven@qm .qld.gov.au 


Abstract - A new genus of the family Zoridae, Tuxoctenus, is described from 
mainland Australia and includes T. glavcrac sp. nov. (type species), T. linmei sp. 
nov. and 7. mcdonaldac sp. nov. A key to Australian zorid genera is provided. 


INTRODUCTION 

In the Australian predominantly xeric landscape, 
a number of spider families have diverged 
strongly. Best documented amongst these are the 
gnaphosoids (Pfatnick 2000, 2002; Plat nick and 
Baehr 2006), the Zodariidae (e.g., Baehr 2004) and 
perhaps also the Lycosidae (e.g., Framenau e! a!. 
2006). Amongst the lesser known ground-hunting 
spiders are the Zoridae, best field-diagnosed 
perhaps by their high speed and common diurnal 
preference for open sunny spaces. The entire 
family is presently being revised in Australia but 
one very distinctive new monotypic genus stands 
out. The opportunity to honour Carolus Linnaeus, 
another "very distinctive genus", presented itself 
and the pair seemed to fit. 

MATERIALS AND METHODS 

Materia 1 was examined using a Stereo- 
dissecting microscope (Zeiss Stemi SV6 or SV11) 
with a camera lucida. Scanned material were 
either critical-point or air dried from alcohol- 
preserved material and then sputter-coated with 
gold before examination in an Hitachi $-530 
scanning electron microscope sometimes using a 
Robinson (T) Backscatter detector. Epigynes were 
photographed in alcohol and then either cleared 
in lactic acid and drawn. The left palp is described 
with the ventral face uppermost. Eye group size is 
measured through the centre of the group and 
compared to the carapace width on that line. 
Abbreviations and methods are standard for the 
Araneae and explained in Raven and Stumkat 
(2003). Colour is described in 70% ethanol and, 
where known, that in life. Spine values suffixed 
with "w" signify that the spines were weak and 
attenuate. Leg measurements are given for femur, 
patella, tibia, metatarsus (except pedipalp), tarsus, 
and total length. 

The specimens examined for this study are 
lodged in the following institutions: A M NIL 


American Museum of Natural History, New 
York; AMS, Australian Museum, Sydney; CAS, 
California Academy of Science, San Francisco; 
MACN, Museo Argentine de Ciencias Naturales,, 
Buenos Aires; MV, Melbourne Museum, Victoria; 
QM, Queensland Museum, Brisbane; WAM, 
Western Australian Museum, Perth. 

SYSTEMATICS 

Family Zoridae F.O.P.-Cambridge 1893 
Diagnosis 

Eight eyes in two recurved rows or three rows 
with back eyes in two rows as in many Lycosidae; 
from front, ALE at same level as AME or higher 
but clearly closer to AME than ALE; grate¬ 
shaped tape turn (at least in Argoctenus) which 
degrades quickly on spider's death. Two claws 
with claw tufts present or absent with no hairs 
around claws (Hestiniodcma); leg scopula weak 
or absent. Retroeoxal hymen distinct on coxa I. 
Males without fracture on pedal tibia, without 
cymbial scopula or unsclerotized region on tibia 1 
apophysis. C-shaped tegulum; basal to basolateral 
embolic origin for half circumference of bulb; 
single distal median apophysis; conductor short, 
membranous. Females with spigots only apical 
on PMS. Strong and often long paired spines 
(2-7 pairs) on tibiae I, II, 2-3 pairs on metatarsi 
1, II. (Taken from Raven and Stumkat 2003, with 
modifications) 

Included genera (Australian region) 

Argoctcnus L. Koch 1878, Odotmista Simon 1909, 
Hestimodema Simon 1909, Elnssoetenus Simon 1909, 
Thasymm L. Koch 1878, Simoons Ritsema 1881, 
Tuxoctenus gen. nov. 

Key to known Australian zorid genera 

I. All eves of similar size...2 

Eyes of posterior row much larger than those of 
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2. Eyes small and widely spaced.3 

Eyes larger and more or less touching. 

. Hestimodema 

3. Abdomen elongate with long stripes dorsally 

. Thasyrhea 

Abdomen short, ovoid to pentagonal, dorsal 
stripes absent. Odomasta 

4. Only 2-4 pairs of weak spines on tibiae I and II 

.5 

5-7 pairs of spines on tibiae I and II..6 

5. Pair of longitudinal ridges of white hair on 

dark carapace and abdomen (Figure la); PLE 

very large. Tuxoctenus 

Carapace and abdomen not as above; PME 
similar in size to PLE. Argoctenus 

6. Carapace and abdomen with longitudinal 

stripes, paired spines on tibiae I and II, 

lateroventral and very strong. Simonus 

Carapace and abdomen without stripes; tibial 

spines weak in males and females. 

. Elassoctenus 

Tuxoctenus gen. nov. 

Type species 

Tuxoctenus gloverae sp. nov. 

Diagnosis 

Tuxoctenus differs from all other Australian 
zorids except Argoctenus in that the posterior 
ocular quadrangle is about 1.7 times wider behind 
than in front and 1.2 times wider behind than 
in front (Figure la). Specimens can be easily 
recognised in life by the pair of longitudinal 
ridges of white hairs on an otherwise dark 
carapace and abdomen (Figure la). 

Description 

Longitudinal bands of white hairs on 
cephalothorax and abdomen. Eight eyes in 3 
rows; front row recurved, ALE larger; PLE much 
the largest of all; line through midpoint of back 
row is ca. 0.6 of head-width at that point. Serrula 
absent. Chelicerae with 2 retromarginal and 3 
promarginal teeth; small boss. Trochanters all 
with short deep notches. Coxae lack enlarged 
setae. Males with distinct spine on distal point of 
patellae III, IV. Scopula absent in males, weak to 
absent in females. True claw tufts. Weak paired 
spines ventrally on tibiae and metatarsi I, II. Male 
palp: deep cymbium with apical crest of bristles. 
Spinnerets short; PLS and ALS separated; apical 
article of PLS short. Epigynal plugs present. 
Male. Cymbium short, spoon-like with subtle 



Figure 1 Tuxoctenus gloverae sp. nov., male: a, carapace 
and abdomen, dorsal view; b, "face", 
frontal view with PLE smaller through 
foreshortening. Scale line = 1 mm. 

basal groove along retrolateral margin, and short 
rounded apex with band of long recurved thick 
setae (Figure 4) extending from ventral subdistally 
over the tip and subdistally dorsally. RTA small, 
somewhat flattened, rhomboid, distally truncate 
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Figure 2 Tuxoctenus gloverae sp. nov., male tibia, cymbium and palpal bulb: a, b, ventral view; c, apical view. 
Abbreviations: a.s, accessory sclerite; c., conductor; e., embolus; ma, median apophysis. 


and grooved, with small apical hook. Conductor 
distinct, opposed by long, flat and apically 
hooked median apophysis. Small to moderately 
large accessory sclerite in unsclerotised window 
at base of median apophysis (T. linnaei, T. gloverae 
or absent (T. mcdonaldae). Tegulum basal, large, 
divided into two similar (T. mcdonaldae , T. gloverae) 
or dissimilar lobes (T. linnaei) but long anterior 
extension of basal embolus which is fused to 
median apophysis; retrolateral half of tegulum 
with triangular plate apically fused to prolateral 
edge of median apophysis. Embolus almost 
straight, originates prolaterobasally, narrow, 
fluted for length with flared pointed apex (Figure 
2b). Palpal tibia cylindrical, patella without 
apophyses. 

Species included 

Tuxoctenus gloverae sp. nov., T. linnaei sp. nov., T. 
mcdonaldae sp. nov. 

Distribution and habitat 

Specimens of Tuxoctenus have been found 
across most of north-eastern, eastern southern 
and western Australia, and is apparently absent 
from Tasmania. Spiders have been found in moist 
litter pockets in open forest but usually not in 
rainforest. The highest densities were noted in 
heath on North Stradbroke Island, Queensland. 

Remarks 

The most distinct differences between males 
of species of Tuxoctenus are the presence, shape 
and size of a small accessory sclerite on the 
lower face of the median apophysis of the palp. 
Differences in the bulb and RTA are quite subtle. 
Slight differences are evident also in the spination 


of metatarsi I and II and the extent of the bushy 
white hairs on the carapace. Equally, in females, 
the biggest sexual difference is in the shape of the 
median septum of the epigyne which varies from 
broad strap-like (T. linnaei) or medially rounded 
(T. mcdonaldae) and diamond-shaped (T. gloverae). 

The enlarged setae over the apical cymbium 
(Figure 4) are quite different in structure to spines 
and are not considered homologous. 

In life, males of T. gloverae have a black carapace 
and abdomen; however, that pigment seems to 
quickly leach from specimens after preservation 
leaving a reddish brown to dark brown cuticle. 

The absence of the serrula is unusual in zorids: 
Argoctenus, Simonus, Hestimodema and Thasyrhea all 
have a short straight serrula which is otherwise 
absent only in Odomasta, 

Etymology 

From the tuxedo-like appearance of the living 
spider and the ctenid-like eye pattern. 

Tuxoctenus gloverae sp. nov. 

Figures la, b, 2 a-c, 3 a, b, 4a-c, 9 
Material examined 

Holotype 

Australia: Queensland: 6, Mt Coot-tha, 
Brisbane, 27°28'S, 152°57’E, pitfall, 4 November 
1996-4 July 1997, R.J. Raven (QM S32998). 

Allotype 

Australia: Queensland: 9, Beerwah Forestry 
Reserve, 26°51'S, 152°57'E, heathland, 24 April 
1991, M. Glover (QM S32434). 













354 


RJ. Raven 




Figure 3 Tuxoctenus gloverae sp. nov., female epigyne of QM S56371: a, external; b, internal. 


Parati/pes 

Australia: Queensland: 2 d, Beerwah Forestry 
Reserve, 26°51'S, 152°57’E, heathland, 29 August 
1990, pitfall, M. Glover (QM S39013, $39036); 2 4 
same data except 16 May 1990 (QM S39027, QM 
S3900B); 1 d, same data except 6 June 1990 (QM 
S39024); 1 d, same data except 18 July 1990 (QM 
S39032); 1 d, same data except 19 September 1990 
(QM S39025); 4 d, same data except 10 October 

1990 (QM 539022, S39038, S39016, S39029); 1 d, 
same data except 31 October 1990 (QM S39019); 
2 d, same data except 21 November 1990 (QM 
S39035, S39009); 4 d, same data except 12 
December 1990 (QM 539034, S39006, S39007, 
S39017); 1 d, same data except 2 January 1991 
(QM S39021); 1 2, same data except 27 February 

1991 (QM S39011); 12 d, same data except 24 April 
1991 (QM S39012, S39023, S39015, S39026, S39010, 
S39020, S39030, S39041); 2 d, same data except 26 
June 1991 (QM S39028); 1 d, same data except 25 
August 1991 (QM S39033); 3 d, 1 9, same data (QM 
$39018, S39014, S39037, S39031); 4 d, Coal Creek, 
Kholo, 27°33-34'S, 152°44'E, open forest, pitfall, 
11 November 1998-13 January 1999, G. Monteith, 
D. Cook, G. Thompson (QM S59719); 3 d, same 
data except 13 January-16 May 1999, G. Monteith 
(QM S49998, S52262); 1 d, Enoggera Reservoir, 
site 1, 27°26'S, 152°55’E, open forest, pitfall, 21 
December 1999-27 January 2000, G. Monteith, J. 
Holt (QM S55842); 1 d, 1 9, same data except site 1 
27 January-15 March 2000 (QM S55833); 1 d, same 
data except flight intercept trap, 27 January-15 
March 2000 (QM S55836); 1 d, same data except 
site 2 pitfall, 21 December 1999 -27 January 2000 
(QM S55848); 1 d, same data except 16 October-21 
December 1999, G. Monteith (QM S55832); 16 d, 8 
2, North St rad broke Island, Enterprise Mine site, 
Blackbutt sites 2-3, 27°33-34'S, 153°26-7’E, hand 
collection, 9 January 2002, Queensland Museum 


Party (QM $55481, S55448); 29 d, 2 2, same data 
except pitfall, 8-22 January 2002 (QM S55584); 
6 d, 4 2, North Stradbroke Island, Enterprise 
Mine site, Mallee sites 1-3, 27°34-5'S, 153°26'E, 
hand collection, 8-22 January 2002, Queensland 
Museum Party (QM S55437); 15 d, same data 
except pitfall (QM S55583); 1 2, same data except 
hand collection (QM S56302); 1 d, same data 
except hand collection (QM S55963); 4 d, 1 2, 
same data except (QM S55451); 1 d, 1 2, same 
data except (QM S55428); 1 d, North Stradbroke 
Island, Enterprise Mine site, Scribbly Gum sites 
1-3, 27°35-6’S, 153°26-7'E, hand collection, 9-10 
January 2002, D.J. Cook (QM S55593); 2 d, 2 2, 
same data except 10 January 2002 (QM S56371); 
23 d, 3 2, same data except pitfall, 8-22 January 
2002 (QM S555S5); 16 d, 17 2, same data except 
10 January 2002, Queensland Museum Party 
(QM S55500, AMNH, CAS, MACN, WAM); 1 
d, Ewan Maddock Dam, 26°47’S, 152°58'E, open 
forest, pitfall, 22 August 1993-22 March 1994, M. 
Glover (QM S39040); 1 d, same data except 27 
October 1992-30 January 1993 (QM S39039); 7 d, 
Mt Coot~tha, Brisbane, 27°28'S, 152°57'E, pitfall, 
4 November 1996-4 July 1997, R.J. Raven (QM 
$31372); 14 d, Mulgowie, Laidley Valley, 27°44'S, 
152°22'E, 25 March 1981, M.D. Grant (QM S42738); 
1 d, 1 2, same data (QM S42737); 1 2, Pine Mt 
Environmental Park, 27°32’S, 152 0 41'E, open forest, 
pitfall, 13 January-16 May 1999, G. Monteith 
(QM $49991). New South Wales: 9 d, 0.5 km 
from VVheatly Creek Road on Camp Creek Road, 
28°47’S, 152°19'E, 550 m, 4 February-9 April 1999, 
National Park Survey, M. Gray, G. Cassis (AM 
KS36267). 

Diagnosis 

Males differ from those of T. mcdonaldae by the 
presence of a small but distinct accessory sclerite 
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Figure 4 Tuxoctenus gloverae sp. nov., male palp: a-c, enlarged setae on cymbial tip, apical length (a), shaft (b), and 
flattened tip (c); d, tibia, cymbium and palpal bulb, retrolateral view. 


in the tegular window (Figure 2c) and only one 
pair of spines ventrally on metatarsi I, II; females 
differ from other species by the diamond-shaped 
median septum (Figure 3a). 

Description 

Holotype male (QM S32998) 

Measurements : Carapace 1.56 long, 1.34 wide. 
Abdomen 1.65 long, 0.83 wide. Leg I: 1.64, 0.68, 
1.44, 1.36, 1.00, 6.12. Leg II: 1.56, 0.56, 1.36, 1.24, 
1.16, 5.68. Leg III: 1.52, 0.60, 1.20, 1.28, 1.16, 5.44. 
Leg IV: 2.12, 0.64, 1.84, 2.16, 0.47, 7.92. Palp: 0.76, 
0.24, 0.28, —, 1.76. 

Colour : Carapace uniformly dark reddish brown 


with dense bush of long, erect bright white hairs 
in marginal bands and 2 close medial bands. 
Chelicerae lighter without bands. Legs grey black 
without bands or mottling. Abdomen dorsally 
black (from dense short black hair), anteriorly with 
long recurved bristles and two divergent bright 
white bands from dorsal corners posteriorly; 
ventrally with paler central medial quadrangle 
and 4 pairs of even paler spots. Sternum dark 
grey; maxillae and labium grey; labium with 
pallid anterior lip and inner faces of maxillae 
pallid. Coxae greenish black with pallid basal 
'fingers' laterally and medially. 

Carapace : Pear-shaped with short anterior 
constriction; eye group extends back beyond 
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constriction; caput indistinct; lateral cephalic 
profile flat between fovea and clypeus. Pile of 
short black hairs on carapace, lateral band of white 
hairs very distinct, longer hairs reaching from 
anterior constriction back to posterior cephalic 
corner. Medial bands composed of shorter white 
hairs from AME just onto posterior slope. Long 
recurved black bristle between AME and below it 
on clypeus edge; long bristle in front of each ALE 
and a pair on each side lateral of that. Fovea short, 
enclosed by white bands. Eyes. Eight in 3 rows; all 
but ALE circular. From above, front row clearly 
recurved, eyes of similar size (about 1/3—1/2 of 
PME) but ALE larger; from front, slightly but 
clearly recurved; front row width little under that 
of MOQ back width; AME not on mound and 
much closer to each other than to ALE. Back eyes 
in 2 widely separated rows; PME 'look" up, and 
to front and side, PME much closer to each other 
than to PLE; PLE look side and slightly back. From 
front, PLE larger and set lower than AME, clypeus 
ca. 2-3 diameter AME. ALE oval, look down and 
out. 

Chelicerae : Small, vertical; boss very small, 
pallid narrow. 3 bands of only 10-15 bristles along 
chelicerae. Fang short; dentition 3P, 2R. 

Maxillae : Short rectanguloid, apically truncate 
thickest medially with pallid anterior and inner 
ledges. Serrula absent. Labium vertical, short 
with lateral corners to shield behind incrassate 
anterior. 

Sternum: Rounded, shield-like, rounded corners 
at intercoxae, flat with only ca. 60 long erect hairs 
totally; precoxal sclerites absent. 

Legs: Coxae with distinct anterior projections 
basally, less distinct posteriorly. Small retrocoxal 
hymen centrally on posterior face of coxa I. Black 
feathery hairs and long black bristles on femora, 
patellae and tibiae. Legs with iridescent dark 
green sheen. Long erect bristle on distal corner of 
patellae and tibiae 1, II. Scopula mostly absent but 
scopuliform hairs prolaterodistally on tarsi. Tarsi 
elongate, slightly curved down. All trochanters 
with short deep notches. 2-3 hairs on retrodistal 
ventral coxae, III longer. Shield or comb of bristles 
on ventral trochantera strongest posteriorly on 
III, IV. Trichobothria. Tarsi with 2 rows each of 4-6, 
longest distally; metatarsi with 6-8, one very long, 
bent, distally; tibiae with 2 rows for full length. 
Spines . Weak ventrally on tibiae and metatarsi 
I, II; strongest on III, IV. Leg J; fe pvlpld3r2; pa 
0; ti v2.2.2w; me v2 basal. Leg II; fe p2d3r3; pa 
0; ti v2.2.2w; me v2 basal. Leg III: fe p2d3r3; pa 
dl apical; ti p2d2r2v2.2.2; me p2.1r2.1v2.1. Leg 
IV; fe p2d3r2; pa dl apical; ti p2d2r2v2,2.2; me 
p2.2dlr2.2v2. Palp: fe pldl.l.f; pa pld2 (one apical); 
ti p2dlr2; cymbium no spines. Claws long, curved, 
with 3-5 teeth. Tufts dense, distinct. 


Spinnerets: ALS short, barrel-like, separated. PLS 
short, thin, ca. 1/3 diameter of ALS; PMS same 
size as PLS but slightly thinner. 

Palp: Tibia incrassate almost from base; RTA on 
retroventral corner, sclerotised ridge forms small 
hook above large unsclerotised area basal ly with 
truncate ledge. Cymbium almost rectangular, 
deep; apical portion rounded, truncate but not 
tapered; a crest of 2 lines of long thick recurved 
black bristles from ventral cymbial edge medially 
onto dorsum, bristles shortest dorsally; margins 
narrow rounded with retrobasal ridge. Tegulum 
extensive; apical cap with unsclerotised islands 
retrolaterally and basally. Median apophysis 
diagonal with small curved hook apically; basally 
with lachrymoida! sclerite in ovoid unsclerotised 
tegular window. Embolus with wide but partially 
unsclerotised base prolaterally arching across to 
small translucent cushion retrolaterally. 

Allotype female (QM $32434) 

Measurements: Carapace 1.46 long, 1.23 wide. 
Abdomen 1.96 long, 1.31 wide. Leg I: 1.18, 0.66, 
1.02, 0.81, 0.44, 4.01. Leg II: 1.14, 0.50, 0.96, 0.79, 0.62, 
4.01. Leg III: 1.14, 0.48, 0.81, 0.87, 0.73, 3.82. Leg IV: 
1.56, 0.54, .129, 1.43, 0.73, 5.55. Palp: 0.46, 0.27, 0.31, 
—, 0.52, 1.56. 

Colour: Carapace brown with narrow white 
margin and median bands; abdomen dorsally 
grey centrally lighter with two distinct white 
bands widening to back, venter grey with 4 long 
pale lines. Legs light brown, no bands; eyes on 
black tubercles except ALE set off. 

Legs: No scopula. Dense claw tufts; tarsi 
bowed with pallid apex. Distal-most metatarsi 
trichobothrium 1.5 times longer than penultimate 
trichobothrium; all trichobothria on tibiae long 
for full length. Palpal tarsus tapering, conical. 
Spines: leg I: fe pvlpld2; pa 0; ti v2.2w; me v2w. II: 
fe pld3; pa 0; ti v2.2w v2w. Ill: fe p2d3rl; pa 0; ti 
p2d2r2v2.2; me p2r2v2.2. IV: fe pld3rl; pa apical; ti 
p2d2r3vl.2; me pl.l.l.2r2vl. Palp: fe dl.2; pa d2 + 1 
apical; ti p3d2; ta p5dlr2 plus v2 subapical. Claws. 
Long, curved, slender, set well above tufts with 
3-5 teeth. Palpal claw long curved, clear of hair 
with 3 teeth. 

Spinnerets (from QM S55836): PLS longer than 
ALS which are subequal to PMS. Apical segment 
of PLS clearly truncate. 

Epigyne: Anteriorly two broadly U-shaped ridges 
mark entrance of copulatory pores, medially 
appears to have broad convergent septum but 
actually the strongly sclerotised basal portion 
of spermathecae which are elongate sigmoidal 
with dorsal thumb-like lobe and rectanguloid 
fertilisation ducts basally. 
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Distribution and habitat 

This species is found throughout litter in 
eucalypt forest and open woodland throughout 
south-east Queensland; it has not been recorded 
from rainforest. 

Etymology 

The species epithet is a patronym in honour 
of Mrs Maureen Glover, Honorary Associate of 
the Queensland Museum, whose enthusiasm for 
arachnology resulted in a large collection of T. 
gloverae from heathlands just north of Brisbane. 

Tuxoctenus linnaei sp. nov. 

Figures 5a-c, 6a, b, 8, 9 
Material examined 

Holotype 

Australia: South Australia : <3, between 
Nundroo and Nullarbor Stations, 28 February 
1978, B.Y. Main (WAM 99/2388). 

Allotype 

Australia: South Australia: 9, same data as 
holotype (WAM 99/2389). 
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Other material examined 

Australia: Western Australia : 1 9, Burma Road, 
edge of Nature Reserve, 29°00'S, 115°04’E, Banksia 
litter, 11 April 1992, M. Harvey (WAM T74020); 2 
<3, Stirling Range National Park, White Gum Flat, 
34°22'S, 117°48'E, 3 February-6 March 1979, M.R. 
Gray (AM KS15930). 

Diagnosis 

Males of T. linnaei differ from those of T. gloverae 
by the large triangular sclerite in the tegular 
window; females differ from both T. gloverae and 
T. mcdonaldae in the almost parallel-sided median 
septum on the epigyne. 

Description 

Holotype male (WAM 99/2388) 

As for T. gloverae, except as follows: 
Measurements : Carapace 1.22 long, 1.14 wide. 
Abdomen 1.57 long, 1.06 wide. Leg I: 1.37, 0.51, 
1.21,1.02, 0.66, 4.77. Leg II: 1.33, 0.66,1.05,1.05, 0.74, 
4.84. Leg III: 1.17, 0.59, 1.05, 0.66, 0.63, 4.10. Leg IV: 
1.64, 0.55, 1.56, 1.84, 0.78, 6.37. Palp: 0.66, 0.20, 0.31, 
—, 0.55,1.72. 

Colour: Carapace uniformly dark reddish brown 
with fine black radial lines in striae and bushy 



Figure 5 Tuxoctenus linnaei sp. nov., AMKS 15930, male tibia, cymbium and palpal bulb: a, ventral view; b, retrolateral 
view; c, RTA, retrolateral view. 
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Figure 6 Tuxoctenus linnaei sp. nov., female epigyne of allotype: a, external; b, internal. 


bands of long bright white hairs along margins 
and small patch between PME. Chelicerae and 
legs brown, not banded. Abdomen dorsally 
brown, anteriorly with two white lines slightly 
divergent posteriorly to back corner; ventrally 
pallid centrally with brown flanks. Sternum, 
maxillae and labium pallid. 

Carapace: Light pile of fine black hairs on 
carapace. Pair of long porrect bristles below ALE 
and off caput corners; 2-3 long bristles lateral of 
ALE. Chelicerae anteriorly with 4-5 very long 
downcurved bristles at midlength. Eyes: Oval 
ALE similar in diameter to round AME. From 
front, front row straight. 

Legs : Black feathery hairs not evident. 
Trochantera with short distinct notches. Weak 
comb of bristles on ventral trochantera III, IV. 
Spines: Leg I: fe pld3rl; pa 0; ti v2.2.2w; me v2.2. 
Leg II: fe pld3r2; rest as leg I. Leg III: fe p2d3rl; 
pa dl; ti p2d2r2v2.2.2w; me p2.1r2.1v2.1. Leg IV: fe 
p2d3rl; pa dl, rl; ti p2d2r2v2.2.2; me p2.2rl.2Jv2, 
Palp: fe pldl.1.2; pa pldl; ti p3d2rl; cymbium 
0 but with two parallel rows, each of 6 thick 
recurved bristles. Bulb: as T. gloverae but tegular 
window filled with triangular sclerite. RTA short, 
recurved, scythe-like. 

Allotype female (WAM 99/2389} 

Measurements: Carapace 1.84 long, 1.24 wide. 
Abdomen 2.54 long, 1.39 wide. 

As in male. Most legs missing. 

Epigyne. Large wide medial septum, almost 
parallel-sided, with pair of recurved ridges 
set anteriorly marking copulatory openings. 
Internally* very similar to T. gloverae. 


Distribution 

Tuxoctenus linnaei is known only from the 
Nullarbor Plain, South Australia and Stirling 
Ranges and Burma Road Nature Reserve, south¬ 
western Western Australia. 

Etymology 

This species is named in honour of Carolus 
Linnaeus, the founder of modern taxonomy. 

Tuxoctenus mcdonaldae sp. nov. 

Figures 7a-c, 8a, b, 9 
Material examined 

Holotype 

Australia: Queensland: d, Osbourne Mine site, 
SSE. of Mt Isa (site 2a), 22°07'S, 140°34'E, open 
forest, pitfall, 19 April-2 July 1996, R. Raven, A. 
Nicholson (QM S79287). 

Allotype 

Australia: Queensland: 9, same data as 
holotype (QM S79288). 

Para type 

Australia: Queensland: 1 6, same data as 
holotype (QM S31231). 

Other material examined 

Australia: Queensland: Brigalow Research 
Station, Theodore, 24°48'S, 149 43'E, 16 December 
2000-28 March 2001, D. Cook, G. Monteith: 1 
d, flight intercept trap site 3, pitfall site 3 (QM 
S56452); 1 6 f same data (QM S55847); 1 d, flight 
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Figure 7 Tuxoctenus mcdonaldae sp. nov., male tibia, cymbium and palpal bulb: a, ventral view; b, c, RTA, slightly apica 
view (b) and retrolateral view (c); all at same scale. 


intercept trap site 3 (QM S55849); 1 6, 24°48'S, 
149°47'E, brigalow, pitfall site 4 (QM S55843); flight 
intercept trap site 5) 2 <3, pitfall site 5, 24°48'S, 
149°45'E (QM S55844); 1 <3 (QM S56388). 1 6, 
Bushley Station (DW12), 23°31'S, 150°14'E / open 
forest, pitfall, 3 September 1991, D. Wallace, R. 
Raven (QM S39044); 1 <3, Mazeppa National Park, 
north end, 22°13'S, 147°15'E, brigalow, pitfall, 
18 December 2000-26 March 2001, D. Cook, G. 
Monteith (QM S56445); 2 <3, 1 9, same data except 

18 December 2000-26 March 2001, D. Cook, G. 
Monteith (QM S59774); 1 <3, Mazeppa National 
Park, south end, 2216’S, 147°16'E, brigalow, flight 
intercept trap, 18 December 2000-26 March 2001, 
D. Cook, G. Monteith (QM S59786); 1 <3, 5 km S. of 
Moranbah, 22°02'S, 148°02’E, pitfall, 20 December 
1997-26 April 1998, G. Monteith (QM S57030); 
2 6,7 km NNE. of Mt Bluffkin, on highway, 
22°35’S, 149°14'E, brigalow, flight intercept trap, 

19 December 2000-25 March 2001, D. Cook, G. 
Monteith (QM S55841); 3 <3, Tooloombah Creek 
(NQ 41), 22°42'S, 149°33'E, eucalypt woodland, 
pitfall, 29 July-24 November 1992, R. Raven, P. 
Lawless, E. Lawless, M. Shaw (QM S24509); 1 
9, same data except 10 November 1991-29 July 
1992 (QM S24084); 7 <3, Windemere Station, 
Glenmorgan, 27°17-25’S, 149°41-44'E, December 


1990-October 1991, R. Raven, B.J. Smyth (QM 
S39042); 1 d, 1 9, same data except (QM S39043); 

I <3, 1 9, same data (QM S51904); 1 <3, same data 
(QM S31489). Western Australia : 2 c3, Nerren 
Nerren Station (NE4), 27°00'21.6 ,, S, 114°32'29.2"E, 
wet pitfalls, 11 January-11 May 1995, P. West et 
al. (WAM T88440) [2 males T88439, perhaps same 
data, no other label]; 2 <3, Nerren Nerren Station 
(NE1), 27°03'23.6"S, 114°35'21.3 M E, wet pitfalls, 

II January-11 May 1995, P. West et al. (WAM 
T88441); 1 c3, Cape Cuvier, Quobba Station (CU5), 
24°H'34.0"S, 113°27'17.4", wet pitfalls, 15 January-29 
May 1995, A. Sampey et al (WAM T88438). 

Diagnosis 

Males of T. mcdonaldae differ from those of T. 
gloverae by the absence of a sclerite in the tegular 
window and only two pairs of spines ventrally 
on metatarsi I, II; in females, the median septum 
of the epigyne is similar to that of T. gloverae but 
the lateral procurved ridges are set much more 
posteriorly. 

Description 

Holotype male QM S79287 
As for T. gloverae, except as follows. 
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Figure 8 Tuxoctenus mcdonaldae sp. nov., female epigyne of allotype: a, external; b, internal. 


Measurements: Carapace 1.63 long, 1.41 wide. 
Abdomen 1.41 long, 0.78 wide. Leg I: 1.53, 0.72, 
1.47, 1.38, 0.72, 5.81. Leg II: 1.41, 0.63, 1.34, 1.19, 0.63, 
5.19. Leg III: 1.47, 0.50, 1.22, 1.03, 0.69, 4.91. Leg TV: 
2.03, 0.69, 1.81, 1.94, 0.78, 7.25. Palp: 0.66, 0.34, 0.38, 
—, 0.66, 2.03. 

Colour : Carapace uniformly light brown with 
light bush of long white hairs in marginal bands 
and one medial band; chelicerae and legs light 
brown, without bands. Abdomen dorsally faded 
black (from dense short black hair) laterally 
with pallid median stripe, anteriorly with long 
recurved bristles and two divergent white 
bands from dorsal corners posteriorly; ventrally 
with two lines of paler spots laterally. Sternum, 
maxillae and labium pallid. 

Legs: Comb of bristles ventrally on trochantera 
distinct on III, IV. Spines. I: fe pvlpld3r2; pa 0; ti 
v2.2.2w; me v2.2. II: fe pld3r2; pa 0; ti v2.2.2w; me 
v2.2. Ill: fe pld3r2; pa dl; ti p2d2dlr2v2.2.2; me 
p2.1r2.1v2.1. IV: fe p2d3r2; pa dl; ti p2dlr3v2.2.2; 
me pl.2dl.lr2.1v2.2.2. Palp: fe pldl.L2; pa pld2; ti 
p2dlrl; cymbium 0. 

Palp; Inner edge of RTA sclerotised with 
small apical hook, outer face a translucent vane 
form deep hollow with inner edge. Cymbium 
rectanguloid in dorsal view; a crest of 2 lines of 
9-19 long recurved black bristles in each line. 
Tegulum extensive for distal half above hooked 
median apophysis. Median apophysis diagonal 
basally with trianguloid unsclerotised window 
without sclerite; embolus narrow tubular for 
length. 


Allotype female (QM S79288) 

Measurements : Carapace 1.75 long, 1.34 wide. 
Abdomen 2.03 long, 1.53 wide. Leg I: 1.38, 0.68, 
1.03, 0.97, 0.63, 4.69. Leg IP 1.34, 0.63, 1.03, 0.94, 0.53, 
4.47. Leg III: 1.41, 0.66, 0.94, 0.94, 0.38, 4.31. Leg IV: 
both missing. Palp: 0.66, 0.31, 0.34, —, 0.56, 1.88. 

Colour: As male but ventral abdomen pallid, 
possibly damaged. Carapace pilosity like male of 
T. linnaei. 

Legs: Scopuliform hairs on distal half of 
metatarsi I, II, and weak but evident for length of 
tarsi I, II. Spines. I: fe pld3; pa 0; ti v2.2; me v2w. 
II: as for I. Ill: fe p2d2rl; pa 0; ti p2d2r2v2.2; me 
p2r2v2. IV, missing. Palp: fe pldl.2w; pa d2.1; ti 
p3d2; ta p2r2 + 2 subapical. 

Epigyne: Median septum of the epigyne is 
similar to that of T. gloverae but lateral procurved 
ridges set much more posteriorly. 

Distribution and habitat 

This species is known from north-western 
Queensland (Cammoweal) through xeric areas 
near Claremont, Mazeppa National Park and 
Windemere Station and north western Western 
Australia at Nerren Nerren station and Cape 
Cuvier. The localities include diverse kinds of 
xeric habitats from grassland with scattered 
eucalypts to brigalow. 

Etymology 

This species is named in honour of Mrs Sue 
McDonald, Warren Vale Station, Normanton, 
north-western Queensland, through whose 
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Figure 9 Tuxoctenus records. 


seemingly endless patience for the authors and 
enthusiasm for spiders the QM made exciting 
discoveries in arachnids in the Gulf region. 
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Abstract - A new Australian wolf spider species, Artoria limmei, is described 
from south-western Western Australia. Artoria now includes 24 species, of 
which 20 are found in Australia. Artoria linnaei is common in suburban parks, 
reserves and gardens in and around Perth but also occurs further to the 
south, ft appears to prefer moderately moist, low vegetation such as grass)' 
areas among bushes and trees. The species is seasonal; adult males are active 
from late winter (July) into early summer (December) with a distinct peak in 
September, and females have been found from August to January peaking in 
November. ' 


INTRODUCTION 

The contribution of Carolus Linnaeus (1707- 
1778) to the naming of wolf spiders (family 
Lycosidae Sundevall 1833) was moderate. He 
described only four species, all originally in the 
genus Aranea Linnaeus 1758 (Platnick 2008): 
Lycosa tarantula (Linnaeus 1758) (the type species 
of Lycosa Latreilie 1804) from the Mediterranean 
region; Pardosa palustris (Linnaeus 1758) from 
the Holarctic; and Aranea fumigata Linnaeus 1758 
and Aranea saccata Linnaeus 1758, both today 
considered junior synomyms of Pardosa amentata 
(Clerck 1758) (Holarctic).' 

The genus Artoria Thorell 1877 currently 
includes 23 species from the Australasian and 
Pacific regions. Nineteen species have been 
described from Australia (one of which also 
occurs in New Caledonia and Vanuatu and one 
in Indonesia and the Philippines) (Framenau 
2002, 2004, 2005; Framenau and Hebets 2007). 
Ihree species of Artoria are known from New 
Zealand (Vink 2002). Three further species from 
Africa are listed in the genus (Platnick 2008), 
but it is unlikely that these species belong in 
Artoria. Recent molecular studies suggest that 
Artoria as currently defined is not monophyletic, 
at least with respect to the New Zealand species 
(Murphy ei a!, 2006). Only a comprehensive 
phylogenetic analysis, including many of the more 
than 50 undescribed species of Artoria currently 
recognized in Australian collections, will be able 
to establish possible generic limits within this 
group of wolf spiders. 


The aim of this study is to describe a new 
species of Artoria in honour of Carolus Linnaeus 
on the 250 th anniversary of the publication of the 
10 th edition of his Si/stema Naturae. This species 
warrants description more than any other 
Western Australian Artoria , since it is one of the 
most common representatives of this genus in 
suburban Perth in addition to A. cingulipes Simon 
1909 and A. flavimana Simon 1909. 

MATERIAL AND METHODS 

Descriptions are based on specimens preserved 
in 70% ethanol. Internal female genitalia were 
prepared for examination by submersion in 10% 
potassium hydroxide (KOH) at room temperature 
for 10 min. For clarity, the setae have been omitted 
from the illustrations of epigynes and male 
pedipalps. The morphological nomenclature 
follows Framenau (2002, 2005). All measurements 
are in millimeters (mm). 

Digital images were taken with a Leica DFC500 
camera that was attached to a Leica MZ16A stereo 
microscope. Photographs were taken in different 
focal planes (ca. 40 images) and combined with 
the Leica Application Suite version 2.5.0R1. 

Abbreviations 

Measurements (adult spiders, if not otherwise 
stated): total length ( I L), carapace length (03) 
and width (CW), abdomen length (AL) and width 
(AW). 

Eyes: anterior (AH), anterior median (AML), 
anterior lateral (AI.1 ), posterior (PE), posterior 
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median (PME), posterior lateral (PEE). 

Collections: Queensland Museum, Brisbane 
(QM); Western Australian Museum, Perth (WAM). 

SYSTEMATICS 

Family Lycosidae Sundevall 1833 
Subfamily Artoriinae Framenau 2007 
Artoria Thorell 1877 

Type species 

Artoria parvula Thorell 1877, by original 
designation. 

Artoria linnaei sp. nov. 

Figures 1A-B, 2A-D, 3 

Material examined 

Holotype 

Australia: Western Australia : d, Glenbourne 
Farm, S of Gracetown, 33°55’08"S, 115°00’44"E; 20- 
23 October 2000, dry pitfall trap, site 1, L. Marsh et 
al. (WAM T88459). 

Paratypes 

Australia: Western Australia : 1 d, 1 7, Glen¬ 
bourne Farm, S. of Gracetown, 33°53'S, 115°00"E, 
13-15 September 1997, dry pitfall trap, site 4, L. 
Marsh et al. (WAM T88460); 1 male, same data 
(WAM T88461). 

Other material examined 

Australia: Western Australia: 1 d, Attadale, 
32°01'S, 115°48’E (WAM T55456); 1 <5, Bentley, 
32°0TS, 115°55’E (WAM T65601); 1 9, Bold Park, 
Perth, 31°56'29"S, 115°46'01"E (WAM T56406); 4 
d, 3 2, same locality (WAM T68613); 2 2, 1 9 
with spiderlings, same locality (WAM T68615); 2 
2, same locality (WAM T68650); 1 2, Bold Park, 
Perth, 31°57’irS, 115°45’50 , ’E (WAM T68616); 2 
2, 1 2 with spiderlings, same locality (WAM 
T68618); 17 d, 11 2, 1 juvenile, same locality 
(WAM T68636); 41 d, 16 2, 1 juvenile, Bold Park, 
Perth, 31°56’30"S, 115°46'27”E (WAM T68632); 1 
d, 4 2, same locality (WAM T68614); 4 2, Bold 
same locality (WAM T68617); 1 d. Bold Park, 
Perth, 31°57T4"S, 115 0 46T6"E (WAM T68649); 4 
d, 2 2, same locality (WAM T68633); 3 d, 3 2, 
Brookdale, 32°09T3"S / 115°5745"E (WAM T84126); 
1 d, same locality (WAM T84127); 1 d, Brookdale, 
32°09'23"S, 115°57’43 n E (WAM T84125); 1 d, 1 2, 
Brookdale, 32°09T7"S, 115°57 , 46 ,, E (WAM T84128); 
1 2, Cannington Botanical Reserve, 32°01 , 29 , 'S, 
115°58'57"E (WAM T55495); 1 2, Canning Vale, 
Fairfield, 32°04’S, 115 0 54’E (WAM T55213); 1 2, 30 
miles E. of Collie, 33°2TS, 116°55'E (WAM T56173); 
1 d, 1 2, 1 juvenile. Coogee, 32°07’S, 115°46'E 


(WAM 155161); 1 d, 1 f, Dianella, Cottonwood 
Crescent Bushland Reserve (labeled "Tuart Hill")/ 
31°5249"S, 115°5T30"E (WAM T68674); 1 d. East 
Guildford, 28 Swan St, 3F54% 115°59'E (WAM 
T56176); 1 2, same locality (WAM T64086); 1 9, 
same locality (WAM T64606); 2 2, same locality 
(WAM T64607); 8 d, Glenbourne Farm, S of 
Gracetown, 33°53'S, 115°00’E (WAM T88443); 3 d, 
same locality (WAM T88444); 5 $ t same locality 
(WAM T88445); 3 d, same locality (WAM T88447); 
1 d, 1 2, Glenbourne Farm, S of Gracetown, 
33°55'08"S, 115°0044'’E (WAM T58316); 1 d, same 
locality (WAM T88446); 1 d, Glenbourne Farm, 
S of Gracetown, 33°54'40"S, 115°00'34 ,, E (WAM 
T88448); 1 d, Gnangara, 31°50'S, 115°50'E (WAM 
T55302); 5 d, 2 2, 1 juvenile, Guildford, 31°54’S, 
115°58'E (WAM T55567); 10 d, Haddleton Spring 
Nature Reserve, 33°3713"S, 116°34'50"E (WAM 
T55209); 1 d, Hepburn Heights, 31°49'07"S, 
115 0 46H"E (WAM T68577); 4 d, Hepburn Heights, 
31°49'02"S, 115°46’13 H E (WAM T68580); 3 2, same 
locality (WAM T68587); 4 d, 1 2, Hepburn 
Heights, 31°49'06'’S, 115°46’02' , E (WAM T68574); 2 
2, same locality (WAM T68579); 1 d, 7 2, Hepburn 
Heights, 31°48'57"S, 115 0 464rE (WAM T68576); 52 
d, 7 2, same locality (WAM T68594); 1 2, High 
Wycombe, 3F56'35"S, 115°59'4rE (WAM 90/599); 
1 2, same locality (WAM 90/600); 4 2, Jandakot 
Airport, 32°05'3rS, 115°52 , 28’ , E (WAM 99/1-4); 
9 d, 1 juvenile, same locality (WAM T68669); 4 
d, 1 juvenile, same locality (WAM T68680); 9 d, 
3 2, Jandakot Airport, 32°05’36' , S, 115°52'39"E 
(WAM T68646); 1 2, same locality (WAM T68673); 
1 d, 1 9, same locality (WAM T68679); 1 2, 
same locality (WAM T88522); 1 d, Kings Park, 
Perth, 31°57'S, 115°50'E (WAM 78/211); 3 d, same 
locality (WAM 78/21244); 1 d. Kings Park, Perth, 
31°58'10"S, 115°49'00"E (WAM T56405); 2 2, 
Kingsley, Montessori Primary School, Montessori 
Place, 31°48’S, 115°48'E (WAM T55242); 18 d, 11 
2, SW of Kojonup, E of Tone Road, 34°04'30"S, 
116°51’49 , 'E (WAM T55210); 1 9, Lake Clifton area, 
32°47'S, 115°40'E (WAM T53826); 1 2, N of Lake 
Muir, 34°26’35"S, 116 o 40 , 54"E (WAM T55212); 17 
d, 4 2, 1 juvenile, Landsdale School, 31°49'15"S, 
115°51'0rE (WAM T68592); 1 d, Lesmurdie, Perth, 
31°59'S, 116°02'E (WAM T64091); 4 d, Marangaroo 
Reserve, 3F49’3S"S, U5°50'04' , E (WAM T68584); 1 
2, same locality (WAM T88472); 3 2, Marangaroo 
Reserve, 31°49’51”S, llS^O^-E (WAM T68585); 
9 d, 1 2, same locality (WAM T68589); 2 d, Mt 
Claremont, 31°57'39"S, 115°46'56"E (WAM T68668); 
1 9, Mt Claremont, 31°57’40"S, 115°46'00 ,, E (WAM 
T68667); 2 d, 1 juvenile, same locality (WAM 
T68666); 4 2, Mt Henry, 32W58"S, 115F5T38"E 
(WAM T68631); 1 d, same locality (WAM T68643); 
7 9, Mt Henry, 32°01'53 M S, 115°51’44"E (WAM 
T68638); 2 2, same locality (WAM T68647); 1 d, 
Mt Pawley, Third Avenue, 31°56’S, 115 0 53 ! E (WAM 
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Figure X Artoria linnaei sp. nov. A, male holotype (WAM T88459); B, female paratype (WAM T88460), both from 
Glenboume Farm, Western Australia. Body length: A, 3.27 mm; B, 4.50 mm. 


T64062); 1 6, Mullaloo Beach, 6km at 15deg, 
31°47'S, 115°44'E (WAM T65611); 1 <$, Nedlands, 7 
Kingston St, 31°57'56"S, 115°48'46"E (WAM T53831); 
1 9, Parmelia, 32°14'S, 115°50’E (WAM T55241); 
1 9, same locality (WAM T55425); 1 9, same 
locality (WAM T65073); 10 6, 3 9, 2 juveniles, 
Perth Airport, 31 0 58'34'’S, 115°56’25”E (WAM 
T68662); 2 9, same locality (WAM T68663); 3 6, 
1 juvenile, same locality (WAM T68672); 13 6, 9 
9, 1 juvenile, same locality (WAM T68675); 7 6, 
5 9, Perth Airport, 31°58'03"S, 115°58'11"E (WAM 
T68653); 6 6, 10 9, 2 juveniles, same locality 
(WAM T68664); 1 <J, 4 9, 1 juvenile, same locality 
(WAM T68670); 1 9, same locality (WAM T68676); 
1 9, Perth Airport, 31°58 , 05"S, 115°58’05"E (WAM 
T56403); 5 9, same locality (WAM T68657); 3 
6, 7 9, same locality (WAM T68682); 3 9, same 
locality (WAM T88484); 5 6, 2 9, Perth Airport, 
31°58'36"S, 115°58’28"E (WAM 99/6-11); 36 6, 13 
9, 10 juveniles, same locality (WAM T68656); 4 
6,2 9, 1 juvenile, same locality (WAM T68658); 
1 9, Perth Airport, 31°55'24"S, 115°58'40”E (WAM 
T55491); 1 9, same locality (WAM T55503); 1 9, 
Perth Airport, 31°55'25 M S, 115 o 58’40"E (WAM 
T55504); 1 6, Pinnaroo Valley Cemetery, 31°47’52"S, 
115°46'43"E (WAM T64089); 4 6, Reabold Hill, 
31°57'S, 115°46'E (WAM T42143); 1 9, same locality 
(WAM T56174); 19 6, 8 9, same locality (QM 
S64096); 1 6, South Bunbury, Punchbowl Caravan 
Park, 33°20'S, 115°40'E (WAM T56175); 6 6, 6 9, 
3 juveniles, Talbot Road Reserve, 31 o 52’05"S, 


116°03'04"E (WAM T68583); 24 6, 3 9, 5 juveniles, 
same locality (WAM T68593); 3 9, same locality 
(WAM T68645); 3 6, 4 9, same locality (WAM 
T68652); 13 6, 2 9, same locality (WAM T68659); 9 
6, 6 9, Talbot Road Reserve, 31°52’23"S, 116°02'46"E 
(WAM T68642); 1 9, same locality (WAM T68660); 
2 9, Talbot Road Reserve, 31°52'25"S, 116°03'03 M E 
(WAM T68644); 3 6, 2 9, 1 juvenile, Talbot Road 
Reserve, 31°52’24"S, 116°02’52"E (WAM 99/12-17); 

2 9, same locality (WAM T68639); 4 6, 1 9, 1 
juvenile, same locality (WAM T68641); 15 6, 7 9, 

3 juveniles, Trigg, 31°52’9"S, 115°45'38’ , E (WAM 
T68588); 27 9, same locality (WAM T68586); 2 9, 
Trigg, 31°52'45"S, 115°45T7"E (WAM T68575); 15 
9, 1 juvenile, same locality (WAM T68582); 2 6,2 
9, Trigg, 31 o 52'30"S, 115°45’35 ,, E (WAM T68590); 2 
6, 1 9, Trigg, near West Coast Highway, 31°52'S, 
115°45’E (WAM 99/174-6); 1 9, same locality (WAM 
T68683); 1 6, same locality (WAM T68678); 1 9, 
Tuart Hill, 31°52'50'’S, 115°5r3TE (WAM T68665); 
22 6, 5 9, 2 juveniles, same locality (WAM T68619); 
9 6,3 9, Tuart Hill, 31°52 , 50’’S, 115 0 5r34"E (WAM 
T68671); 1 6, same locality (WAM T68677); 2 9, 
Tuart Hill, 31°52 , 50"S, 115°5r34"E (WAM 99/18- 
19); 1 9, University of Western Australia Shenton 
Park Field Station, 31°57’02"S, 115°48'05"E (WAM 
T51415); 1 9, Warwick Open Space, 31°50'33"S, 
115°49'00"E (WAM T68581); 20 6, 5 9, Woodman 
Point, 32°07'58"S, 115°45'29"E (WAM T68635); 2 
9, 4 juveniles, same locality (WAM T68640); 21 
6, 4 9, same locality (WAM T68648); 7 6, 4 9, 1 
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Figure 2 Artoria limmei sp. nov., male paratype (WAM T88461, from Glenbourne Farm, Western Australia): A, left 
pedipalp, ventral view; B, left pedipalp, retrolateral view. Female paratype (WAM T88460, from Glenbourne 
Farm, Western Australia): C, epigyne, ventral view; D, epigyne, dorsal view. Scale bars: A, B = 0.37 mm; C, D = 
0.25 mm. 


juvenile, same locality (WAM T68654); 5 9, same 
locality (WAM T68655); 23 3 , 2 9 , Woodman 
Point, 32°07’50”S, 115°45'26 M E (WAM T68661); 3 9 , 2 
juveniles, same locality (WAM T88482); 3 3 , 1 9 , 2 
juveniles, Woodman Point, 32°07'50"S, 115°45'28"E 
(WAM 99/20-25); 6 9 , Woodman Point, 32°07'47"S, 
115°45'23"E (WAM 168634); 7 3 , 3 9 , 1 juvenile, 
same locality (WAM T68637); 16 3 , 3 9 , 3 juveniles, 
same locality (WAM T68651); 1 3 , Wungong Dam, 
32°11'38"S / 116°03’36 , 'E (WAM T53793); 1 9 , same 
locality (WAM T53794); 1 3 , same locality (WAM 
T53821); 4 3 , 1 9 , same locality (WAM T53822). 


Diagnosis 

Males of Artoria Unnaei differ from all other 
species in Artoria by a unique ventral protrusion 
of the tegulum (Figure 2B) and the distinct, 
asymmetrically T-shaped tegular apophysis 
(Figure 2A). The female genitalia are unique 
among species of Artoria , since the epigyne has a 
scape-like process anteriorly in combination with 
an inverted T-shaped median septum (Figure 2C). 

Description 

Mate (based on holotype) 
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Carapace (Figure 1A): brown; light brown 
median band that is darker and as wide as FI 1 
a n t e r i o r 1 y but g r a d u a 11 y n a r r o w i n g t o w a r d s 
p os ter i o r m a r g i n; indistinct 1 i g li I hr o w n 
submarginal bands; dark grey radial pattern; 
carapace covered with tew silvery setae, denser in 
median and submarginal bands and in cephalic 
region; brown bristles between lateral eyes 
and, in pairs, between posterior median and 
anterior median eyes; two long bristles below 
anterior lateral eyes. Eyes: anterior row of eves 
strongly procurved, narrower than posterior 
row of eyes. Sternum: yellow brown, darker 
centrally and marginally; brown bristles mainly 
towards margins. Labium; brown; frontal rim 
white. Chelicerae: glabrous light brown with grey 
pigmentation; few black setae medially; three 
retromarginal teeth, with the basal shortest; 
three promarginal teeth, with the middle largest. 
Pedipalp (Figures 2A-B): cymbium with short, 
dense setae dorso-apically; tegular apophysis 
asymmetrically T-shaped and with vent rally 
bent apical edge; tegulum with distinct ventral 
protrusion (Figure IB). Abdomen (Figure 1 A): 
mottled olive brown-olive grev, with distinct 
yellow-brown lanceolate cardiac mark; covered 
with silvery-white setae, which are particularly 
dense in cardiac mark, and few black setae; venter 
yellow-brown; covered mainly with whitish and 
few brown setae; spinnerets yellow-brown. Legs: 
leg formula IV > 111 > 1 > II; light brown, with 
indistinct darker annulations. S.pination of leg I: 
femur with 3 dorsal and 1 apicoprolateral; tibia 
with 2 ventral pairs and 2 prolateral; metatarsus 
with 3 ventral pairs. 

Female (based on parati/pe) 

Carapace (Figure IB): as for male, median band 
lighter anteriorly and reaching between PMF. 
Sternum as for male, marginally darker. Labium, 
Chelicerae: as for male. Epigyrte (Figures 2(7-1)): 
with inverted T-shaped median septum and scape 
like anterior process in ventral view (Figure 2C); 
spermathecal heads large, spherical in dorsal view 
(Figure 20, with spermathecal stalks distinctly 
kinked midway. Abdomen (Figure IB): as for male, 
hut generally lighter and with two large light 
brown spots in posterior half; venter light brown 
with irregular grey patches; all spinnerets yellow- 
brown. Legs: leg formula IV > 111 > 1 > II; light 
brown, distinct dark annulations, Spination of leg 
I: femur with 3 dorsal, 1 apicoprolateral; tibia with 
2 ventral pairs and 2 prolateral; metatarsus with 3 
ventral pairs and 1 apieoventral. 

Measurements 

Male holotvpe (female paratype): I I 3.27 (4.50), 
CF 1.93 (2.16), CVV 1.27 (1.46). Fives: AMF 0.07 
(0.06), A IT 0.0| ‘(0.03), FMF 0.23 (0.23), PIT 0.15 


(0.17). Row of eyes: AF 0.36 (0.40), PMF 0.65 (0.67), 
PI 1 0.70 (0.77). Sternum (length/width) 0.89/0.69 
(0.92/0.77). Labium (length/width) 0.27/0.23 
(0.29/0.27). AL 1.35 (2.39), AW 1.00 (1.69). Legs: 
Lengths of segments (femur 4* patella/tibia + 
metatarsus 4 tarsus = total length): Pedipalp 0.62 
4 0.50 + - + 0.63 - 1.77, 1 1.19 + 1.38 + 0.92 4- 0.34 = 
4.24, II 1.12 + 1.39 + LOO + 0.50 = 4.00, III 1.19 + 1.39 
+ 1.23 + 0.54 = 4.35, IV 1.42 + 1.89 + 1.85 + 0.69 - 

5.85 (Pedipalp 0.69 + 0.66 + - 4 0.42 = 1.77, I 1.16 + 
1.50 + 0.92 + 0.54 - 4.12, 11 1.08 4 1.39 4 0.89 + 0.50 
= 3.85, III 1.16 4 1.31 + 1.12 4 0.46 = 4.04, IV 1.39 + 

1.85 4 1.73 4 0.65 = 5.62). 

Variation 

Males (females) (range, mean ± s.d,): 11.3,14-3.57, 

3.35 ± 0.14; n - 13; CL 1.76-2.09, 1.92 ± 0.09; n = 13; 
CVV 1.24-1.48, 1.35 ± 0.07; n = 13 (TL 3.33-5.05, 4.24 
± 0.60, n = 12; CL 1.76-2.52, 2.09 ± 0.27, n = 12; CW 
1.29-1.86, 1.53 ±0.21; n = 12). 

The light patches in the posterior half of the 
abdomen as described for the paratype female 
above are discolourations that are quite common 
in many species of Artoria, in particular females, 
but are not present in all specimens. 

Remarks 

The presence of a basoembolic apophysis on 
the male pedipalp (Figure 2A) clearly identifies 
the new species as a member of the wolf spider 
subfamily Artoriinae (see Framenau 2007). 
Here it most closely conforms to the generic 
description of Artoria based on the shape of the 
basoembolic and tegular apophyses (Framenau 
2002, 2005). However, it is possible that the 
unique genitalic features of Artoria linnaei , 
in particular the tegular protrusion and the 
epigynal scape-like process, in combination 
with the unusual leg formula (third instead of 
first leg being the second longest) may warrant 
the establishment of a new genus pending a 
comprehensive phylogenetic revision of Artoria. 

Life history and habitat preferences 

Artoria liurmei is commonly found in suburban 
parks, reserves and gardens in metropolitan 
Perth. It appears to prefer moderately moist, low 
vegetation such as grassy areas under trees and 
bushes. The species is seasonal; adult males are 
active from late winter (July) into early summer 
(December) with a distinct peak in September, 
and females have been found from August to 
January peaking into November. This phenology 
may be responsible for the limited records south 
of Perth as collections are rarely made in winter. 
Only two females carrying spider!ings have been 
found in Perth (Bold Park) in a pitfall trapping 
period spanning from September to November. 
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Figure 3 Distribution records of Artoria linnaei in Western Australia. 


Distribution 

Artoria linnaei was found in southwest Western 
Australia, most commonly in and around Perth 
(Figure 3). 
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A new species of Maratus (Araneae: Salticidae) 
from southwestern Australia 
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Welshpool IX'.. Western Australia 6986, Australia. 


Abstract - A hew species of the salticid genus Maratus, Manila* linnaci, is 
described from southwestern Western Australia. 


INTRODUCTION 

The Australian endemic spider genus Maratus 
Karsch 1878 was first described from "Austral, 
sept." based upon A1. mmhitis and \i. muoenus 
(now recognised a's a synonym of M. volaus (0.1 V 
Cambridge)) (see Zabka 1987). If was subsequently 
synonym ised with Sait is Simon 1876 (Simon 
1901a, 19()lb), and revalidated by Zabka (1987) 
who provided morphological features that could 
be used to separate these two genera: males 
of Maratus species have a scute over the entire 
dorsal abdomen which has extendable side-flaps 
and is covered with special coloured hairs which 
given the abdomen a silk-like lustre that can vary 
in colour according to the angle of view. These 
modifications and the colours and patterns of the 
coloured hairs are species specific. Males, also 
have the third legs longer than the others and 
these legs have a thick brush of hairs on the tibia 
and metatarsi (and other leg segments and legs 
depending on the species) whilst the tarsi of these 
legs have thick white hairs on the dorsal surface. 

F e m a 1 e M a r a tits h a v e bod v pa 11 e r n i n g i n 
varying amounts of speckling and patching in 
creams, tans, browns, greys and blacks that are 
species specific but they lack any of the special 
attributes of the males and must be distinguished 
from related genera by genitaiic differences. The 
main distinguishing feature in female Manilas 
genitalia is that the sperniathceae are wicler 
than the fossae. The genus currently contains six 
named species (Platnick 2008), all from Australia: 
Ad. amabtlis Karsch 1878; AT miutpaich Waldock 
1995; A 1 , pavonis (Dunn 1947); AT rainboivi (Roevver 
1951), AT vesperiilio (Simon 1901a) and AT volaus 
(O.P.-Cambridge 1874). During an on-going 
revision of Murat its, about 15 new species have 
been recognised (Waldock, unpublished data), 
greatly expanding the diversity and extent of the 
group. Many of these species are highly restricted 
i n d i sf r ib u t ion, i nc I ud i n g a n ew spec ies f ro m 
Two Peoples Bav Nature Reserve in southwestern 


Australia. To further document the diversity of 
Maratus in Australia, 1 hereby describe this new 
species. 

All of the material examined for this study is 
lodged in the Western Australian Museum, Perth 
(WAM), The female genitalia were examined by 
dissecting the epig\ mini from the abdomen and 
clearing it in 10% lactic acid at room temperature 
for a day. The epigynum was mounted in glycerol 
and. drawn with a camera lucicia on an Olympus 
BH-2 compound microscope. Other drawings 
were made using a graticule fitted to a Leica MS 5 
disseel i ng microseope. 

SVSTEMATICS 

Family Salticidae Black wall 1841 
Genus Maratus Karsch 1878 

Maratus Karsch 1878: 27; Zabka 1987: 479. 

Type species 

Maratus amabtlis Karsch 1878, by subsequent 
designation of Bonnet 1957: 2713. 

Remarks 

The saltieid genus Maratus currently contains 
six named species (Zabka 1987, 1991; Waldock 
1995; Platnick 2008), although 15 new species have 
been recognised during a review of all Australian 
museum collections (Waldock, unpublished data). 


Maratus linnaei new species 

Figures 1-8 

Material examined 

Hololype 

Australia: Western Australia: 6, Two Peoples 
Bav Nature Reserve, track to Robinsons Gully, 

qqqSHTa'A 118° 1110'H, 14 October 2006, M.I. Moir, 

J.M. Waldock (WAM T78896). 
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pale blue orange 



Figures 1-6 Maratus limiaei new species, holotype 8 (WAM T78896): I, cephalothorax and abdomen, dorsal; 2, 
abdomen, ventral, folded abdominal flaps; 3, left pedipalp, ventral; 4, left pedipalp, retrolateral; 5, right leg 
ill, retrolateral. 


Para types 

Australia: Western Australia : 1 S, Two Peoples 
Bay Nature Reserve, 34°58'58"S 118 0 11’18"E, 
Firebreak Valley bottom, wet pitfall traps, 23-30 
October 1995, S. Comer (WAM T75712); 1 2, Two 
Peoples Bay Nature Reserve, track to Robinsons 
Gully, 34°58'45"S 11801'10"F, 14 October 2006, 
M.L. Moir, J.M. Waldock (WAM T88431); 1 9, Two 
Peoples Bay Nature Reserve, track to Robinsons 
Gully, 34°58'54"S USNITT'E, 14 October 2006, M.L. 
Moir, J.M. Waldock (WAM T78897); 1 & 1 2, Two 
Peoples Bay Nature Reserve, track to Robinsons 
Gully, 34°58 , 45"S 118°ll'KrE, on sandy track, 14 
October 2006, M.L. Moir, J.M. Waldock (WAM 
T79108, 79109). 


Diagnosis 

Maratus limiaei differs from all other described 
and undescribed species currently known by 
the following combination of characters: male 
with abdominal lateral edges extended into flaps 
that fold under the abdomen but do not reach 
venter; abdomen with brown and tan patches 
and two iridescent pink to blue-coloured stripes 
extending on either side diagonally between 
brown patches; crescent-shaped electric blue 
patches each side of spinnerets on matte black 
patch on dorsal abdomen; tibia 111 with brushes 
of cream and grey bristles and hairs on all 
segments; legs I and II with shorter cream- 
coloured brushes on femora; alternate blue and 
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Figures 7-9 Maratus linnaci new species, paratvpe $ (WAM T88431): 6, cephalothorax and abdomen, dorsal; 7, 
epigyne, ventral; 8, epigyne, dorsal. 


orange strips of squamous hairs extending 
between and behind anterior medium eyes over 
ocular area. Female with large grey patch over 
most of abdomen; venter cream-coloured with 
greyish longitudinal stripes; epigyne with swollen 
proximal receivers, intermediate canals short 
and lying lengthwise across anterior portion of 
spermathecae with openings off-centre of anterior 
margin of spermathecae. 

Description 

Male (holoh/pe) 

Cephalothorax: dark brown without white hairs 
around lateral edges, border dark grev. Dense 
scattering of orangey and pale blue squamous 
hairs covers ocular region as narrow stripes 
of pale blue from anterior of posterior lateral 
eyes to gap between anterior lateral eyes and 
medium eyes and a thinner stripe of pale blue 
hairs anterior to fovea extending to gap between 


medium eyes, rest of ocular area filled in with 
wider stripes of orange hairs. Behind anterior 
lateral eyes and along posterior edge of ocular 
area are two black areas lacking scattered short 
white hairs. Extending posteriorly from edge 
of ocular area a stripe of dense white hairs 
covers fovea extending as far as descending part 
of cephalothorax. Two patches of white hairs 
also extend posteriorly from under posterior 
lateral eyes. Anterior eves fringed with bright 
orange hairs dorsally and white hairs between 
anterior lateral eves and medium eyes; rest of 
cephalothorax lightly covered with scattering ot 
short white hairs. Clvpeus dark yellow', chelicerae 
tan-coloured. Maxillae dark \ el low., light cream 
distally, labium tan. Sternum yellow with grey 
speckling. 

Abdomen: rectangular, dorsal surface covered 
with a species specific pattern of short squamous 
hairs of pink, pink-blue diagonal stripes laterally 
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and two longitudinal pink-blue stripes meeting 
with matte-black patches and two electric-blue 
crescents just anterior to spinnerets. Dorsal 
abdominal scute developed as lateral flaps which 
fold along abdomen sides not extending over 
venter, but can be extended laterally to exhibit a 
continuation of dorsal pattern. Abdominal pattern 
consists of tan-coloured central patch bordered 
by pink-blue longitudinal stripes which extend 
into larger patches anteriorly and become white 
with blue flecks. Two narrow diagonal stripes 
of iridescent pink to pale blue squamous hairs 
extend to abdomen edges. Sides of abdomen dark 
brown overlain with dark turquoise-coloured 
squamous hairs except posterior third which 
has matte black patches edged with electric blue 
squamous hairs patches anterior to spinnerets. 
Small patches of bright orange squamous hairs at 
anterior corners of abdomen associated with tufts 
of bristles. Edges of abominal flaps with thin line 
of electric blue squamous hairs along border, rest 
of flaps dark brown overlain with dark turquoise- 
coloured squamous hairs. Stiff black bristles 
scattered over dorsal abdomen and cephalothorax. 
Venter of abdomen pale yellow with two grey 
longitudinal stripes and grey speckling between. 
Long white hairs border abdominal flaps. 
Spinnerets dark grey. 

Pedipalp: Palp light cream with scattered grey 
patches (Figures 3, 4). Tibial apolphysis narrow, 
straight with tip slightly hooked. Ventral surface 
of palpal tibia without spurs. Cymbium, dorsal 
tibia and dorsal patella densely covered with 
long white hairs, a single very long black hair on 
dorsal palpal patella and tibia as well as a few on 
external ventral side just under tegulum. Embolus 
tightly coiled and tucked under tip of cymbium; 
tegulum with two bulges, one behind the other, 
next to embolus; anterior bulge slightly smaller. 

Legs: femorae, patellae, tibiae, metatarsi and tarsi 
yellow with greyish bands on all segments except 
tarsi. Covered with short white hairs interspersed 
with black bristles, except for leg III which has 
a brush of bristles and thick hairs on dorsal and 
ventral surfaces of femora and tibia, and only 
ventral surface of patella and metatarsus. Tarsi III 
covered with long white hairs distally that extend 
over tips of claws. Dorsal brush thickest and of 
dark grey and cream bristles, ventral brushes 
cream only. Femora of legs I and II with shorter 
brushes of cream-coloured hairs dorsallv only. 
Leg formula: III: IV: 1=11. 

Female (paratype, WAM T88431) 

Cephalothorax: ocular region and areas posterior 
to posterior lateral eyes dark brown with short 
black and cream hairs, rest of cephalothorax 
brown grading to tan along sides with scattered 


black and cream hairs. Indistinct striping 
on cephalothorax sides of brown over dark 
yellow delineated with white hairs. Border of 
cephalothorax dark grey. Light tan patch over 
fovea extending from posterior edge of ocular area 
in a stripe of dense cream-coloured hairs as far 
as descending part of cephalothoraX. Abdomen 
oval with grey sigiltae, most of dorsum dark grey 
extending to spinnerets, laterally cream-coloured 
with black bristles scattered amongst dark hairs 
and a small patch of white bristles just above 
spinnerets. Clypeus creamy yellow with white 
hairs, chelicerae dark yellow with greyish patches. 
Maxillae, labia and sternum yellow with grey 
speckling; venter of abdomen cream with greyish 
patches in longitudinal stripes. Ventral spinnerets 
cream-coloured, dorsal spinnerets dark grey. 

Epigyne: proximal receivers swollen, overlapping 
across median guide. Intermediate canals lying 
across spermathecae and opening mid-laterally 
into spermathecae. Fertilisation ducts situated 
laterally on spermathecae. Walls of spermathecae 
thickened. 

Legs: yellow with dark grey banding on all 
segments. Leg formula: III: IV: I: II. 

Variation 

One of the male paratypes (WAM T79108) has 
orange squamous hairs mirroring pattern of 
pink lateral stripes and bright blue longitudinal 
stripes. 

Dimensions (mm) 

Holotype 6 (WAM T78896): total length 
(excluding chelicerae) 3.60. Carapace length 1.75. 
Abdomen length 1.80. Leg I: femur 0.90, patella 
0.50, tibia 0.45, metatarsus 0.45, tarsus 0.30. Leg II: 
femur 0.85, patella 0.50, tibia 0.45, metatarsus 0.40, 
tarsus 0.35. Leg III: femur 1.45, patella 0.65, tibia 
0.80, metatarsus 0.80, tarsus 0.40. Leg IV: femur 
1.00, patella 0.55, tibia 0.55, metatarsus 0.75, tarsus 
0.40. 

Paratype 9 (WAM T88431): total length 
(excluding chelicerae) 4.35. Carapace length 2.07. 
Abdomen length 2.15. Leg I: femur 0.95, patella 
0.50, tibia 0.55, metatarsus 0.45, tarsus 0.35. Leg II: 
femur 0.90, patella 0.55, tibia 0.50, metatarsus 0.45, 
tarsus 0.35. Leg III; femur 1.52, patella 0.65, tibia 
0.85, metatarsus 0.75, tarsus 0.50. Leg IV: femur 
1.20, patella 0.60, tibia 0.75, metatarsus 0.85, tarsus 
0.50. 

Etymology 

This species is named in honour of Carolus 
Linneaus, in celebration of the 250 th anniversary of 
publication of the 10 th edition of Systema Naturae. 










A new species of Marat us 


373 


Remarks 

Marat us liimnci has been collected only from 
Two Peoples Bay Nature Reserve in southwestern 
Australia, from Banksia dominated heath land. As 
indicated by the sparse collections, males of M. 
limtrrti are active during the southern hemisphere 
spring month of October. 
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A new species of Monoscutidae (Arachnida, Opiliones) 
from the wheatbelt of Western Australia 
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Abstract - Megalopolis Uniitwi sp. nov. is described from the Wheatbelt 
region of Western Australia. Though most similar to species of Monoscutidae 
(Opiliones) previously assigned to the Megalopsalidinae, AT Imnaei lacks the 
significant sexual dimorphism previously regarded as characteristic of the 
subfamily. 


INTRODUCTION 

The family Monoscutidae Forster 1948 
(Arachnida, Opiliones) is widespread in New 
Zealand and southern and eastern Australia 
(Forster 1949; Taylor 2004). The New Zealand 
fauna has been further investigated taxonomically 
(Forster 1944, 1948, 1964; Taylor 2004) than the 
Australian fauna (Forster 1949; Hickman 1957), 
and about two-thirds of the currently recognised 
species of Monoscutidae are from New Zealand 
(Taylor 2004). The presence of long-legged 
harvestmen in Western Australia was first 
recorded by Forster (1950), but he was unable to 
identify any species due to only having juvenile 
specimens on hand. Kauri (1954) described two 
species from the Porongorups region of Western 
Australia, Spin terns minimum Kauri 1954 and S. 
porongorupense Kauri 1954. 

The two subfamilies of Monoscutidae currently 
recognised. Monoscut i nae Forster 1948 and 
Megalopsalidinae Forster 1949, were both 
originally described as separate subfamilies in the 
Phalangiidae. They were united as the subfamily 
Megalopsalinae [sic] in the Neopilionidae by 
Silhavy (197(3), before being raised to familv 
level as Megalopsalididae by Martens (1976). The 
Monoscutinae have been characterised by being 
heavily sclerotised and lacking significant sexual 
dimorphism (Forster 1948). The Megalopsalidinae, 
in contrast, are not as heavily sclerotised and 
exhibit significant sexual dimorphism, with the 
male more sclerotised and the male chelicerae 
enlarged, sometimes considerably longer than 
the body (Taylor 2004). The recent discovery of a 
sclerotised species of Monoscutidae with enlarged 
chelicerae in the male (Taylor 2008) was the first 
threat to the integrity' of these two previously 
quite distinct subfamilies, The description here 
of a new non-sclerotised species most similar to 
other species placed in Megalopsalidinae, but 
lacking significant Sexual dimorphism, further 


highlights the need for a reassessment of divisions 
within the Monoscutidae. 

METHODS 

Specimens were sourced from the collection 
of the Western Australian Museum (W.AM), 
examined under 70% ethanol using a Leica MZ6 
stereo microscope and drawn with the aid of a 
camera lucid a. Colours are described in alcohol. 
Measurements were taken of the holotype and 
paratypes (18 males and 8 females) using a 
graticule. Where not all specimens in a paratype 
vial were measured, the number measured is 
indicated. Other specimens listed below were 
not measured. Measurements are given as means 
in millimetres, with standard deviations in 
parentheses. Genitalia were removed using a pair 
of forceps and examined under an Olympus BH-2 
compound microscope mounted in K-Y brand 
jelly as described in Cokendo] pher and Sissom 
(2000). Genitalia and pedipalp specimens were 
examined using SEM microscopy after drying in 
sequential washes of increasing concentrations 
of ethanol to !()()%> followed by washing in 
hexamethyl-disilazane (HMDS) and air-drying as 
described by Nation (1983). 

SYSTEMATICS 

Family Monoscutidae Forster 1948 

Megalopsalis Roewer 1923 

Mncropsfilis Sorensen 1886: 54 (junior homonym of 
Macropsaiis Scla ter 1866). 

Megalopstilis Roewer 192.3: 866 (replacement name 
tor M a c ropsa 1 i s Sorensen 1886). 

Type species 

Mncropsalis mrritnrsus Sorensen 1886, by 
monotv py. 
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Diagnosis 

Male prosoma not significantly sclerotised. 
Patella of pedipalp with large rounded apophysis 
present in both sexes, densely covered in plumose 
setae. 

Remarks 

Megalopsalis serritarsus has not been redescribed 
since its original publication, and a wide variety 
of species have since been assigned to Megalopolis 
that do not particularly resemble the type species 
(Forster 1944). The diagnosis above is based 
on Sorensen's (1886) original description and 
observations of comparable specimens from the 
collection of the Australian Museum (AMS), and is 
provisional only. Most significantly, the genitalia 
of Megalopsalis serritarsus remain undescribed. 
Many of the New Zealand species assigned to 
Megalopsalis do not comply with this diagnosis, 
having small triangular pedipalp apophyses 
without a dense covering of setae (Taylor 2004), 
and probably represent a different taxon. 

Megalopsalis linnaei sp. nov. 

Figures 1-14 

Material examined 

Holotype 

Australia: Western Australia : 8, Lake Gounter 
Nature Reserve (site KN 13), 32°23'48"S 118°49'06 ,, E, 
19 May - 22 Sept. 1998, wet pitfalls, P. Van Heurck, 
CALM Survey (WAM T72981). 

Par a types 

Australia: Western Australia: 2 8 , 3 9, Bruce 
Rock-Doodlakine Road, 31°5r26"S 118°06’14"E, 
22 May - 22 Sept. 1998, wet pitfalls, N. Guthrie, 
CALM Survey (WAM T73006; 2 d and U 
measured); 1 8 , Comitun Dam Nature Reserve, 
31°45'38"S 118 o 0347' , E, 22 May - 29 Sept. 1998, wet 
pitfalls, L. King, CALM Survey (WAM T73034); 1 
d, 5 9, Lake Mollerin, west, 30°31 , 41 ,, S 117 0 33 , 54"E, 

15 Sept. 1998 - 25 Oct. 1999, wet pitfalls, P. Van 
Heurck, CALM Survey (WAM T73036; 1 $ 
measured); 19 8 , 12 9, Long Muir Rd, granite 
rock, S of Mollerin Lake, 30°32'50 ,, S 117°33’56 ,, E, 

16 Sept. 1998 - 25 Oct. 1999, wet pitfalls, P Van 
Heurck, CALM Survey (WAM T73000; 6 8 and 
7 9 measured); 11 8 , 7 9, Mungarri Nature 
Reserve, north, 30°19'51"S 117°45'12"E, 15 Sept. 
1998 - 25 Oct. 1999, wet pitfalls, P. Van Heurck, 
CALM Survey (WAM T73041; 3 5 measured); 4 
8 , 1 9, Noorajin Soak Nature Reserve, 30°45'17"S 
117 o 14'30"E, 15 Sept. 1998 - 18 Oct. 1999, N. A. 
Guthrie, CALM Survey (WAM T73060; 2 5 
measured); 1 8 , Pinjarrega Nature Reserve, 
30°03'42"S 115°55'17"E, 15 Oct. 1999 - 1 Nov. 2000, 
wet pitfalls, P. Van Heurck et aL, CALM Survey 


(WAM T73082); 8 4 3 9, Vermin Proof Fence, east, 
E of Beacon, 30 1417"S 118°20'09"E, 15 Sept. 1998 
- 25 Oct. 1999, wet pitfalls, P. Van Heurck, CALM 
Survey (WAM 173002; 2 8 measured). 

Other specimens examined 
Australia: Western Australia : 1 9, Badjaling 
Siding, 31°59'10"S 117°29'53"E, 27 May - 5 Oct. 
1998, wet pitfalls, P. Van Heurck, CALM Survey 
(WAM T73008); 3 d, 2 9, Bendering Reserve 
Road, 32°21'27 , 'S 118°29'46' , E, 19 May - 22 Sept. 
1998, wet pitfalls, N. Guthrie, CALM Survey; 1 

8, 1 9, Buntine Nature Reserve, west, 29°58’29'’S 
116°34 , 59' , E, 15 Sept. 1998 - 25 Oct. 1999, wet 
pitfalls, L. King, CALM Survey (WAM T72990); 1 

9, Dragon Rocks Nature Reserve, northern end, 
32°41 , 27 , 'S 118°58 , 30"E, 20 May - 22 Sept. 1998, 
wet pitfalls, N. A. Guthrie, CALM Survey (WAM 
T73019); 1 9, Durokoppin Nature Reserve, south, 
31°24'46”S 117°45'16"E, 22 May - 22 Sept. 1998, wet 
pitfalls, L. King, CALM Survey (WAM T72983); 
7 9, Erikin Road, W of Bruce Rock, 31°57'5rS 
117°56'05"E, 22 May - 29 Sept. 1998, wet pitfalls, L. 
King, CALM Survey (WAM T72957); 2 5, Koorda 
Rd, Nature Reserve 22363, 30°45'25"S 117°05 , 26 ,, E, 
15 Sept. 1998 - 25 Oct. 1999, wet pitfalls, B. 
Durrant, CALM Survey (WAM T73012); 1 d, 
Kulja-Mollerin Rock Road, 30°31 , 50"S 117°33 , 49' , E, 
15 Sept. 1998 - 25 Oct. 1999, L. King, CALM 
Survey (WAM T73046); 1 d, Lochada Road Nature 
Reserve, south-east, 29°15'34"S 116°23'08"E, 15 Sept. 
1998 - 18 Oct. 1999, wet pitfalls, L. King, CALM 
Survey (WAM T73011); 1 9, Mt Hampton Nature 
Reserve, dam, 31 o 45 , 40”S 119 o 04 , 21' , E, 29 April - 
22 Sept. 1998, wet pitfalls, N. A. Guthrie, CALM 
Survey (WAM T73003); 1 9, Mt Hampton Nature 
Reserve, north, 31°44'26"S 119°05 , 02"E, 29 April - 22 
Sept. 1998, P. Van Heurck, CALM Survey (WAM 
T73017); 4 9, Mt Moore Nature Reserve, 31°12’45"S 
118 0 18’15"E, 21 May - 22 Sept. 1998, wet pitfalls, 
N. A. Guthrie, CALM Survey (WAM T73007); 1 d, 
1 9, Mungarri Nature Reserve, south, 30°20'55"S 
117°45'29"E, 15 Sept. 1998 - 25 Oct. 1999, wet 
pitfalls, L. King, CALM Survey (WAM T73091); 

1 9, Talgomine Reserve, north, N of Merredin, 
31°14’40"S 118°24’25"E, 28 April - 22 Sept. 1998, 
wet pitfalls, N. A. Guthrie, CALM Survey (WAM 
T73009); 1 d, Tambellup water supply reserve, 
34°02'20"S 117°33’30"E, 15 Oct. 1999 - 1 Nov. 2000, 
P. Van Heurck et aL, CALM Survey (WAM T73088); 

2 9, Wamenusking Nature Reserve, 32°07’34"S 
117°30'3r'E, 26 May - 5 Oct. 1998, wet pitfalls, N. 
A. Guthrie, CALM Survey (WAM T72968); 1 d. 
Yarding Nature Reserve, 31 o 55’02"S 117°58'49"E, 22 
May - 29 Sept. 1998, wet pitfalls, L. King, CALM 
Survey (WAM 17297 9). 

Diagnosis 

Megalopsalis linnaei differs from all other 
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Figures 1-7 Mcgfihp^ilis Himm’i, new species: 1, dorsal view, female (WAM T730OO); 2, lateral view, male holotvpe (se¬ 
tae omitted); 3, left male chelicera, lateral view (WAM T73000); 4, right male chelicera, frontal view (WAM 
T73000); 3, left female chelicera, lateral view (WAM T73O0G); 6, left female pedipalp, medial view (WAM 
T73000); 7, left female pedipaip, dorsal view (WAM T73000). Scale bars = 1 mm (Figure 1-3), 0,2 mm (Figure 
4). 


Monoscutidae in its lack of both heavv 
sclerotisation and enlarged chelicerae in the 
male. The mate is also distinguished from all 
other monoscutid species by its frontal chelicera 1 
apophysis. The female is distinguished from all 
other Monoscutidae by the round opening at the 
anterior of the genital operculum. 

Description 

Male 

Prosoma length 1.24 (0.12), width 2.15 (0.16). 
Carapace white with brown ticking and scattered 
darker brown patches; smooth. Ocularium white 
with brown ticking, unarmed. O/opore large. 


easily visible from above, with flanking lobes. 
Bright white lateral areas on prosoma and dorsum 
of first two opisthosomal segments. Medial 
zone of first two segments, and all of third and 
fourth segments of dorsum of opisthosoma dark 
brown. Posterior of opisthosoma white ticked 
with brown medially and bright white laterally. 
Spiracle with branched covering spines arising 
from anterior margin. Genital operculum without 
circular opening on anterior margin. Interior of 
genital operculum with sclerotised recess tor 
penis. Chelii'cnic: Segment I 0.83 (0.10), segment II 
1.56 (0.09). White with brown patches; unarmed; 
large frontal apophysis on ante nod istal face 
of segment il (Figure 3). Outer edge of fingers 
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Figures 8-9 Megalopsalis linnaei, new species: 8, right male pcdipalp, medial view of patellar apophysis, showing latero- 
dorsal non-plumose and medioventral plumose setae (WAM T73000); 9, same, close-up of plumose setae. 


smoothly convex (Figure 4). Pedipalps: Femur 1.77 
(0.10), patella 0.92 (0.06), tibia 1.17 (0.05), tarsus 
2.04 (0.12). Femur, patella and tibia white with tan 
patches; tarsus tan. All segments unarmed. Femur 
to tibia with dense plumose setae medially, fewer 
non-plumose setae laterally (Figures 8-9). Tarsus 
with plumose setae over proximal two-thirds, 
non-plumose setae and aciculate ornamentation 
over distal third. Large rounded distal apophysis 
on patella and distal medial bulge on femur and 
tibia (see Figures 6-7). Tarsal claw without ventral 
teeth. Legs: Femora 2.95 (0.23), 5.90 (0.39), 2.97 
(0.29), 4.44 (0.22); patellae 1.12 (0.08), 1.46 (0.11), 0.99 
(0.05), 1.01 (0.07); tibiae 2.77 (0.25), 5.32 (0.38), 2.45 



Figures 10-12 Megalopsalis linnaei, new species: 10, ante¬ 
rior portion of female genital operculum 
(WAM T73000); 11, penis, ventral view 
(holotype); 12, penis, right lateral view 
(holotype). Scale bars = 1 mm (Figure 
10), except 0.05 mm (Figure 11), 0.01 mm 
(Figure 12). 


(0.20), 3.18 (0.15). Femora unarmed; femora and 
patellae with longitudinal rows of setae. Tibiae 
with longitudinal rows of setae and densely 
covered with aciculate ornamentation. Tibia I with 
increased density of setae ventrally. Tibiae not 
pseudosegmented. Penis: (Figures 11-14) Heavily 
sclerotised; shaft flattened dorsoventrally. Gians 
at -90° from shaft; all four bristle groups well- 
developed, with right bristle groups significantly 
larger than left-hand groups. Left side of glans- 
shaft junction with plate-like dorsolateral 
process (Figure 13). Gians laterally compressed, 
subrectangular in left lateral view to triangular in 
right lateral view, torted anti-clockwise in distal 
view. Pores on glans on raised papillae (Figure 
14). Stylus attached at right distal end of glans, 
strongly recurved back onto glans. 

Female: (Figure 1) Prosoma length 1.33 (0.17), 
width 2.40 (0.15). As for male except for following: 
Genital operculum with circular medial opening 
on anterior margin (Figure 10). Chelicerae: (Figure 
5) Segment I 0.72 (0.07), segment II 1.62 (0.06). No 
frontal apophysis on second segment (Figure 5). 
Pedipalps: Femur 1.71 (0.07), patella 0.89 (0.09), 
1.26 (0.06), tarsus 2.29 (0.12). Legs: Femora 2.06 
(0.10), 4.08 (0.18), 1.91 (0.10), 3.12 (0.16); patellae 0.96 
(0.08), 1.31 (0.06), 0.90 (0.05), 0.99 (0.03); tibiae 2.12 
(0.12), 4.15 (0.10), 1.84 (0.10), 2.44 (0.09). 

Remarks 

Despite its distinctiveness from other 
Monoscutidae, most of the notable features of 
Megalopsalis linnaei are unique to this species, 
and so uninformative about its relationships. 
It is similar to Monoscutinae in having small 
male chelicerae and relatively short legs (Forster, 
1948). However, the absence of significant 
sclerotisation, the distinct separation dorsally 
of the prosoma from the opisthosoma, and the 
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Figures 13-14 Megalopsalis linnaei, new species: 13, glans, left lateral view (holotype); 14, same, close-up showing raised 
pores. 


large ozopore easily visible from above with 
distinct flanking lobes are more characteristic 
of the Megalopsalidinae. The spiracle of the 
current species is comparable to those illustrated 
by Hunt (1990) for Western Australian species of 
Megalopsalis, while the spiracle of an undescribed 
Australian species of Monoscutinae was 
illustrated by Hunt (1990) with spines on the 
posterior margin. The genera of Megalopsalidinae 
are mostly poorly defined, and might be expected 
to change in composition in the future (Taylor, 
2004). Due to the similarity of the pedipalp of the 
new species to that of Megalopsalis serritarsus, it is 
provisionally included in Megalopsalis pending a 
more thorough analysis of its relationships. 

Etymology 

Named after Carl Linnaeus to commemorate 
the 250 th anniversary of the publication of 
the 10 th edition of Systema Naturae (Linnaeus, 
1758), regarded as the initial publication for 
binomial nomenclature in animals (International 
Commission on Zoological Nomenclature 1999). 
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Abstract - Ideoblothrus liiwnci sp. now is described from subterranean 
environments in the Pilbara region of Western Australia. The tritonvmph of 
ideoblothrus sp. from Mesa A, previously known from a single deutonvmph. is 
briefly described and illustrated. The tritonymph of a preciously unrecognized 
species, Ideoblothrus sp. from the Ord Ranges, is also briefly described 
and illustrated. Both of these species are not named due to lack of adult 
specimens. 


INTRODUCTION 

A recent study into the taxonomy of some 
Australian members of the genus Ideoblothrus 
Pa 1/an 1892 revealed fix e species restricted to 
subterranean habitats within the Pilbara region 
of Western Australia, L papillon Harvey 1991, /. 
vvoodi Harvey, /. pisolitus Harvey and Edward 
20117, i. westi Harvey and Edward 2007 and l. 
nesotymbus Harvey and Edward (Harvey 1991; 
Harvey and Edward 2007), and two found in 
rainforest vine thickets in tropical northern 
Australia, I. descartes Harvey and Edward 2007 
and /. miiikapiti Harvey and Edward 2007 (Harvey 
and Edward 2007). The subterranean fauna of the 
Pilbara region is thought to have been derived 
from epigean ancestral stock which could no 
longer survive in surface environments due to 
the ongoing a rid ideation processes gradually 
restricting the terrestrial habitat available to 
rainforest organisms (Humphreys 1993, 2000, 
2001), Within Australia, species of Ideoblothrus are 
otherwise known only from rainforest habitats in 
the northern regions of the continent (Harvey and 
Edward 2007). Since completion of the research 
published by Harvey and Edward (2007), further 
specimens of Ideoblothrus hax e been submitted to 
the Western Australian Museum for identification, 
and two have been found to represent additional 
new species. These specimens are described in 
the present paper to more fully document the 
subterranean fauna of the region. One, represented 
by an adult male, is described and named. Two 
others are tritonvmphs of a species previously 
known as Ideoblothrus sp. Mesa A (Harvey and 
Edward 2007), and the fourth is a tritonvmph from 
the Ord Ranges that differs in morphology to all 
other named species. The Ord Ranges species is not 
named due to the tack of adult specimens. 


MATERIALS AND METHODS 

The specimens examined in the present study 
are lodged in the Western Australian Museum, 
Perth (W AM). They were collected with the use 
of traps ("habitat trap" or "troglofauna trap") 
filled with sterilized and moistened leaf litter 
suspended in wire baskets, which were suspended 
within bore holes. Upon removal of the traps, the 
litter was searched for macroscopic organisms 
which were preserved in ethanol. 

Terminology and mensuration largely follows 
Chamberlin (1931), with the exception of the 
nomenclature of the chelieera (Judson 2007), 
pedipalps, legs and with some minor modifications 
to the terminology of the trichobothria (Harvey 
1992). In particular, it should be noted that the 
terminology for the trichobothria used by Harvey 
(1992) differs slightly from that used by other 
workers. 

The specimens were examined with an 
Olympus HI 1-2 compound microscope and 
illustrated with the aid of a drawing tube. 
Measurements were taken at the highest possible 
magnification using an ocular graticule, and 
are all in millimetres. The specimens were 
examined by preparing temporary slide mounts 
by immersing the specimen in 20% lactic acid at 
room temperature for sex'eral days, and mounting 
them on microscope slides with 10 or 12 mm 
covers lips supported by small sections of 0.25 
mm or 0.50 mm diameter nylon fishing line. After 
study the specimens were returned to 75'T ethanol 
with the dissected portions placed in 12x3 mm 
glass genitalia microvials (BioQuip Products, Inc.). 
Images of the whole animal were taken using a 

Leica DEC 500 digital camera mounted on a 1.eica 

M Z16 m i e r o s c o p e. 
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Family Syarinidae Chamberlin 1930 

Genus Ideoblothrus Balzan 1892 

Ideobisium (Ideoblothrus ) Balzan 1892: 541. 

Pachychitra Chamberlin 1938: 111. 

Ideoblothrus Balzan: Muchmore 1982: 207. 

Type species 

Ideobisium ( Ideoblothrus ): Ideobisium ( Ideoblothrus) 
similis Balzan, 1892, by subsequent designation of 
Muchmore (1982). 

Pachychitra: Pachychitra maya Chamberlin 1938, 
by original designation. 

Diagnosis 

See Harvey and Edward (2007). 

Ideoblothrus linnaei sp. nov. 

Figures 1-6 

Material examined 

Holotype 

Australia: Western Australia: 8, Mesa A, 
approximately 50 km west of Pannawonica, site 
MEARC4316 P6 Tl-2, 21°40 , 26"S, 115°52T2"E, 23 
May 2007, habitat trap, J. Adcroft, D. Kamien 
(WAM T81373). 

Diagnosis 

Ideoblothrus linnaei is one of the smallest 
Australian species of the genus [e.g. male chela 
(with pedicel) length 0.454 mm], and is only 
larger than I. milikapiti from a rainforest habitat 
in the Northern Territory [e.g. chela (with pedicel) 
length of male 0.371-0.381 mm]. They differ by 
the shape of the chelal hand which is cylindrical 
in I. linnaei (Figure 3) but laterally broadened in 
I. milikapiti (Harvey and Edward 2007, figure 43), 
and the placement of trichobothria st and t, which 
are clearly separated in I. linnaei (Figure 5) but are 
contiguous in I. milikapiti (Harvey and Edward 
2007, figure 44). 

Description 

Adult male 

Colour: carapace and pedipalps pale reddish 
brown, abdomen and legs pale tan (Figure 1). 

Chelicera: 5 setae on hand (Figure 6), all setae 
acuminate, is, Is, sbs, and bs long, es very short; 
movable finger with 1 sub-distal seta; fixed 
finger with ca. 9 small teeth; movable finger with 
ca. 7 small teeth; with 2 dorsal lyrifissures and 
1 ventral lyrifissure; galea straight, extending 
to tip of finger; rallum of 5 blades, distal blade 
broadened and finely denticulate; serrula exterior 
with 20 blades. 



Figure 1 Ideoblothrus linnaei sp. nov., holotype male 
(WAM T81373). 

Pedipalp: internal margin of patella very finely 
granulate, of trochanter, femur, and chela smooth; 
setae on internal margins generally very long and 
acicular; trochanter without tubercles; trochanter 
1.06, femur 2.86, patella 2.12, chela (with pedicel) 
3.55, chela (without pedicel) 3.30, hand 1.80 
times longer than broad; movable finger 0.86 
times longer than hand (without pedicel). Femur 
without tactile setae; without basal projection. 
Patella with 3 lyrifissures situated dorsally 
near pedicel (Figure 3). Fixed chelal finger with 
eight trichobothria, movable chelal finger with 
four trichobothria (Figures 4, 5): eb and esb at 
base of finger, isb situated near ib; est situated 
near ist; it distal to est; et sub-distal; microsetae 
(chemosensory setae) absent on both fingers; 
trichobothria b of movable finger situated basally; 
sb, st, and t situated medially, close to each other; t 
slightly shortened, lanceolate, and bent backward. 
Venom apparatus present only in fixed chelal 
finger, venom duct very short, nodus ramosus 
inflated. Chelal teeth of both fingers (Figure 5) 
obtuse; fixed finger with 25 teeth; movable finger 
with 37 teeth; accessory teeth absent. External and 
internal chelal condyles small and rounded. 

Cephalothorax: carapace (Figure 2) 1.42 times 
longer than broad; sub-rectangular; without any 
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traces of eyes; epistome present, small; with 24 
setae arranged 4: 4: 4: 6: 6; without furrows; with 
3 pairs of small lyrifissures, first and second 
pairs placed near anterior margin, third pair 
placed sub-medially, near setae on posterior row. 
Manducatory process with one long distal and 
one long sub-distal seta, without sub-oral seta; 
remainder of maxilla with 7 setae. Chaetotaxy of 
coxae I—IV: 5: 3: 3: 4. Posterior section of coxae II 
slightly overlapping anterior section of coxae III. 

Abdomen: pleural membrane granulo-striate near 
cephalothorax, remainder longitudinally striate, 
without setae. Tergites and sternites undivided. 
Tergal chaetotaxy: 6: 7: 9: 8: 9: 9: 9: 8: 8: 7: 6: 1; setae 
uniseriate and acuminate. Sternal chaetotaxy: 
7: (2) 6 [3+3] (2): (2) 8 (2): 10: 11: 9: 10: 10: 8: 4: 2; 
setae on sternite II small; setae uniseriate and 
acuminate; without median glandular setae; anus 
not surrounded by sternite XI. 

Genitalia: male genitalia with small rounded 
ejaculatory canal atrium; moderately sized lateral 
genital sacs and an undivided, enlarged median 
genital sac; male internal genital setae arranged 
in two triangular groups of three; a pair of setae 
flanking an anteromedian notch of the posterior 
genital operculum. 

Legs: femora I and II longer than patellae I and 
II; femora I and II with one transverse lyrifissure 
situated sub-distally; femur + patella of leg IV 
3.03 times longer than broad; legs III and IV with 
articulation between femur and patella segments 
slightly oblique; tibiae III and IV with medial 
tactile seta; metatarsi III and IV with sub-basal 
tactile seta; dipiotarsate, all legs with tarsus 
longer than metatarsus; subterminal tarsal setae 
distally serrate; arolia same length as claws, not 
divided; claws simple. 

Dimensions, holotype : body length 1.16. Pedipalps: 
trochanter 0.074/0.070, femur 0.237/0.083, patella 
0.237/0.112, chela (with pedicel) 0.454/0.128, chela 
(without pedicel) 0.422/0.128, hand (without 
pedicel) length 0.230 movable finger length 0.198. 
Chelicera 0.067/0.080, movable finger length 0.118. 
Carapace 0.346/0.243. Leg I: femur 0.042/0.026, 
patella 0.032/0.024, tibia 0.059/0.019, metatarsus 
0.021/0.015, tarsus 0.040/0.013. Leg IV: femur + 
patella 0.100/0.033, tibia 0.072/0.012, meta-tarsus 
0.024/0.17, tarsus 0.040/0.014. 

Remarks 

Ideoblothrus linnaei has only been found within 
an iron-bearing pisolite mesa, approximately 573 
ha in area, in the Pannawonica region of Western 
Australia. It co-occurs with Ideoblothrus sp. Mesa 
A, also found within Mesa A, but differs by its 
much smaller size. 


Etymology 

This species is named for Carolus Linnaeus 
(1707-1778), founder of the modern system of 
taxonomy, to mark the 250th anniversary of the 
publication of the 10th edition of System a Naturae 
(Linnaeus 1758). 

Ideoblothrus sp. Mesa A 

Figure 7 

Material Examined 

Australia: Western Australia : 1 tritonymph, 
approximately 50 km W. of Pannawonica, 
21°4T09"S, 115°52 , 25"E, 23 March 2007, ]. Adcroft, 
D. Kamien (WAM T81374); 1 tritonymph, Mesa A, 
near Pannawonica, borehole MEA 2988 P5 T2-2, 
21°40T0"S, 115°52’43"E, 6 February 2007, D. Kamien 
(WAM T81479). 

Description 

Tritonymph 

Colour: generally pale, pedipalps and chelicera 
pale yellow-orange. 

Chelicera: with five setae on hand, all setae 
acuminate; movable finger one sub-distal seta. 

Pedipalp: femur 3.14, patella 1.67, chela (with 
pedicel) 3.29, chela (without pedicel) 2.91, hand 
1.91 times longer than broad, movable finger 1.45 
times longer than hand. Fixed chelal finger with 
7 trichobothria, movable chelal finger with 3 
trichobothria (Figure 7): isb and sb absent; eb and 
esb situated at base of fixed finger; ib situated on 
dorso-distal surface of hand; est, 1st and it situated 
close together; et situated sub-distally; b situated 
sub-basally; st and t situated sub-medially; t 
lanceolate. Venom apparatus only present in fixed 
chelal finger. Chelal teeth: fixed finger with 36 
rounded teeth; movable finger with 45 rounded 
teeth. 

Cephalothorax: carapace 1.16 times longer than 
broad; without eyes; with 21 setae, arranged 4: 4: 
3: 4: 6. 

Abdomen: pleural membrane granulo-striate near 
cephalothorax, remainder longitudinally striate, 
without setae. Tergites and sternites undivided. 

Dimensions , WAM T81374 : carapace 0.429/0.499. 
Chelicera 0.128/0.134, movable finger 0.198. 
Pedipalps: trochanter 0.150/0.094, femur 
0.496/0.158, patella 0.400/0.240, chela (with 
pedicel) 0.797/0.242, chela (without pedicel) 0.704, 
hand (without pedicel) length 0.463, movable 
finger length 0.320. 

Ideoblothrus sp. Ord Ranges 

Figure 8 






hieoblothrus from subterranean environments 


385 




Figures 7-8 7, hieoblothrus sp. Mesa A, tritonymph. i\\ AM T81374), left chela, lateral; 8, hieoblothrus sp. Ord Ranges, 

tritonymph (WAM T81481), left chela, lateral. Scale lines - 0.2 mm (Figure 7), 0.5 mm (Figure 8). 


Material examined 

Australia: Western Australia: 1 tritonymph, 
Ord Ranges, drill hole PDRC 098, troglofauna 
trap, 20°20'13.5"S, 119°08’27.5"E, 22 March 2007, 
S.M. Fiber hard (WAM T81481). 

Description 

Tritonymph 

Colour: carapace and pedipalps brownish-red, 
abdomen and legs pale tan. 

Chelicem: with five setae on hand, all setae 
acuminate; movable finger with one sub-distal seta; 
rallum of 5 blades, distal blade broadened and finely 
denticulate; serruia exterior with ca 24 blades. 

Pedipalp: trochanter 1.71, femur 2.34, patella 
1.26-/ chela (with pedicel) 2.94, chela (without 
pedicel) 2.69, hand 1.59 times longer than broad; 
movable finger 1.12 times longer than hand. Fixed 
chela! finger with 7 trichobothria, movable chela 1 
finger with 3 trichobothria (Figure 8): isb and st 
absent; eb and esb situated at base of fixed finger; 
ib situated on dorso-distal surface of hand; est, 
ist and it situated close together; et situated suh- 
distally; b situated sub-basally; st and f situated 
sub-media 11 v; t lanceolate. Venom apparatus only 


present in fixed chela! finger. Chela! teeth: fixed 
finger with 22 rounded teeth, movable finger with 
30 rounded teeth. 

Cephahthorax: carapace 1.20 times longer than 
broad; without eyes; with 25 setae, arranged 4; 4: 
4: 4: 4. 

Abdomen: pleural membrane granulo-striate near 
cephalothorax, remainder longitudinalIv striate, 
without setae. Tergites and sternites undivided. 

Dtmmimis , WAM T81481: carapace 0.422/0.362. 
Chdieera 0.1 1 5./().096, movab 1 e finger 0.147. 
Pedi palps: trochanter 0.154/0.090, femur 
0.281/0.120, patella 0.218/0.173, chela (with pedicel) 
0.582/0.198, chela (without pedicel) 0.532, hand 
(without pedicel) length 0.312, movable finger 
length 0.281, 

Remarks 

The single tritonymph from the Ord Ranges 
represents a previously tmdescrihed species 
which is not named here due to the lack of adult 
specimens. It differs from previously named 
Australian species by the robust pedipalpal chela 
[e.g. chela (with pedicel) 2.94 times longer than 
broad]. 
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Abstract - A new genus and species of Olpiidae, Limiaeolpiwn liunaei, is de¬ 
scribed from a pisolite mesa in the Pilbara region of Western Australia. The 
sole specimen exhibits troglomorphic facies with highly reduced eyes, pallid 
colouration and slightly attenuated appendages, differing from all other cave¬ 
dwelling olpiids which lack troglomorphic facies. The affinities of the new 
genus are difficult to determine, but it is most similar to a group of genera 
characterised by the position of trichobothrium isb: Pseudohorus, Australians, 
Xeuolpium , Eun/olpium and possibly Heterolpium. The family Olpiidae is di¬ 
vided into two subfamilies, Olpiinae and Hesperolpiinae. 


INTRODUCTION 

Pseudoscorpions of the family Olpiidae are 
virtually cosmopolitan in distribution, usually 
occurring in xeric environments under rocks, 
in leaf litter or beneath the bark of trees. Cave- 
dwelling olpiids are, however, quite rare, with 
only five species recorded from subterranean 
habitats: Calocheirns tenerifae Mahnert 2002 
from the Canary Islands (Mahnert 2002), and 
Progary pus gracilis Mahnert 2001, P. liliae Mahnert 
2001, P. nigrimanus Mahnert 2001, and P. setifer 
Mahnert 2001 from Brazil (Mahnert 2001). All of 
these species have large eyes and seem to exhibit 
no troglomorphic morphological modifications. 

Among specimens collected from subterranean 
habitats within mesas in the Pilbara region 
of Western Australia was a single male of an 
unusual olpiid. The specimen has reduced eyes, 
is slightly pale in colouration, and has slightly 
attenuate appendages. To further document the 
subterranean pseudoscorpion fauna of Western 
Australia we present a description of this species 
based upon a single male specimen. We also 
propose a division of the Olpiidae into two 
subfamilies, Olpiinae and Hesperolpiinae, based 
primarily upon the length of the venom ducts. 

The specimen examined in the present studv 
is lodged in the Western Australian Museum, 
Perth (WAM). Terminology and mensuration 
mostly follows Chamberlin (1931), with the 
exception of the nomenclature of the chelicera 
Hudson 2007), pedipalps, legs and with some 
minor modifications to the terminology of the 
trichobothria (Harvey 1992). In particular, it 
should be noted that the terminology for the 
trichobothria used by Harvey (1992) differs 
slightly from that used by other workers. The 
setal notation of metatarsus IV follows Much more 


(1986), who based his system on the observations 
of Heurfault (1980a, 1980b, 1982) and Heurtault 
and Rebiere (1983). 

The specimen was examined with an Olympus 
BH-2 compound microscope and illustrated with 
the aid of a drawing tube. Measurements were 
taken at the highest possible magnification using 
an ocular graticule. The specimen was examined by 
preparing a temporary slide mount by immersing 
the specimen in 20% lactic acid at room temperature 
for several days, and mounting it on a microscope 
slide with 10 or 12 mm covers!ips supported bv 
small sections of 0.25 mm or 0.50 mm diameter 
nylon fishing line. After studv the specimen 
were returned to 75% ethanol with the dissected 
portions placed in 12 x 3 mm glass genitalia 
microvials (BioQuip Products, Inc.). Images of the 
whole animal were taken using a Micropublisher 
5.0 digital camera mounted on a Leica MZ16 
microscope. 

Family Olpiidae Banks 1895 
Subfamily Olpiinae Banks 1895 

Remarks 

For most of the past 80 years, the Olpiidae were 
defined by a series of characters states outlined by 
Chamberlin (1930, 1931) and Beier (1932). Although 
numerous new genera have been described since 
the 1930's, the family definition has barely altered. 
The Olpiidae were recently restricted by judson 
(1992, 1993) by the removal of the garvpinines to 
a separate family, Garypinidae, and the removal 
of the hesperolpiines as a subfamily of Garypidae. 
The status of the ga ry pi nines as a family was 
confirmed by judson (2005), who referred to his 
unpublished thesis (judson 1992) in defining the 
group. With the exclusion of the garypinines from 
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the family Olpiidae, and the transfer of a further 
five genera ( Neominniza Beier 1930, Oreolpium 
Benedict and Malcolm 1978, Protogarypinus Beier 
1954, Teratolpium Beier 1959 and Thaumatolpium 
Beier 1931) from the Olpiidae to the Garypinidae 
by Harvey and Stahlavsky (unpublished data), the 
family now contains 33 genera (Table 1). 

Hoff (1945) divided the Olpiinae into the tribes 
Olpiini Banks 1895 and Xenolpiini Hoff 1945 
based upon the morphology of the first pair 
of legs in which the femur are longer than the 
patella in Olpiini, with a freely moveable joint, 
but the two segments are subequal in Xenolpiini, 
thus allowing only restricted movement. Both 
tribes were rediagnosed by Hoff (1964), but were 
subsequently used only intermittently by later 
researchers. They were abandoned by Heurtault 
(1980b), who presented new data on the type 
species of several Old World genera, including 
the type genera of the two tribes, Olpium L. 
Koch 1873 and Xenolpium Chamberlin 1930. In 
particular, Heurtault (1979, 1980a, 1980b) found 

Table 1 Genera assigned to the Olpiidae. 

Family Olpiidae Banks 1895 

Subfamily Olpiinae Banks 1895 

Antillolpium Muchmore 1991 
Austrohorus Beier 1966 
Banksolpium Muchmore 1986 
Beierolpium Heurtault 1977 
Calocheiridius Beier and Turk 1952 
Euryolpium Redikorzev 1938 
Halominniza Mahnert 1975 
Heterolpium Sivaraman 1980 
Hoffhorus Heurtault 1977 
Homs Chamberlin 1930 
Indolpium Hoff 1945 
Leptolpium Tooren 2002 
Linnaeolpium gen. nov. 

Minniza Simon 1881 
Neopachyolpium Hoff 1945 
Nipponogarypus Morikawa 1955 
Novohorus Hoff 1945 
Olpiolum Beier 1931 
Olpium L. Koch 1873 
Pachyolpium Beier 1931 
Parolpium Beier 1931 
Pseudohorus Beier 1946 
Xenolpium Chamberlin 1930 

Subfamily Hesperolpiinae Hoff 1964 
Aphelolpium Hoff 1964 
Apolpium Chamberlin 1930 
Calocheirus Chamberlin 1930 
Cardiolpium Mahnert 1986 
Ectactolpium Beier 1947 
Hesperolpium Chamberlin 1930 
Nanolpium Beier 1947 
Planctolpium Hoff 1964 
Progarypus Beier 1931 
Stenolpiodes Beier 1959 
Stenolpium Beier 1955 


that the type species of Xenolpium , X. pacifieum 
(With 1907) from New Zealand, possessed leg 
morphology characteristic of the Olpiini requiring 
the automatic synonymy of the two tribes. In 
the meantime, Hoff (1964) included a third tribe 
- Hesperolpiini Hoff 1964 - within the Olpiinae 
based upon the long venom ducts within the 
chelal fingers, and the patella of leg I shorter than 
the femur, with a freely mobile joint. Hoff (1964) 
included Hesperolpium and Aphelolpium within 
the Hesperolpiini, which was augmented by the 
inclusion of Planctolpium Hoff 1964 by Muchmore 
(1979), previously described as a member of the 
Garypidae (Hoff 1964). Long venom ducts are 
also found in a variety of other olpiids: Apolpium 
Chamberlin 1930 (Chamberlin 1931; Tooren 
2002; Harvey, personal observation), Calocheirus 
Chamberlin 1930 (Mahnert 1986, 2002), Cardiolpium 
Mahnert 1986 (Mahnert 1986), Ectactolpium Beier 
1947 (Harvey, personal observation), Nanolpium 
Beier 1947 (Harvey, personal observation), 
Progarypus Beier 1931 (Mahnert 2001; Harvey, 
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Figure 1 Linnaeolpium linnaei sp. nov., holotype male 
(WAM T82354). 
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personal observation), Steuolpiodes Beier 1959 
( Harvey, p e r sona 1 oh s ervation) and Steuolpium 
Beier 1955 (Mahnert 1984 ; Harvey, personal 
observation). All of these genera, along with 
Aphefalpium f Hesperolpium and Planctoipiunt , are 
here regarded as hesperolpiines, based upon the 
criteria explicitly outlined by Hoff ( 1964 ). 

Although we concur with Heurtault (1979, 
1980a, 1980b) that a satisfactory division between 
the Olpiini and Xenolpiini is unobtainable, we 
agree with Hoff (1964) that the hesperolpiines 
appear to represent a distinct diagnosable entity, 
which is here recognised as a subfamily of the 
Olpiidae. The proposal by Judson (1992, 1993) 
that the Hesperolpiinae represents a member of 
the Garypidae remains untested (but see below). 
The Hesperolpiinae contains 11 genera, whereas 
the relimited Olpiinae contains 22 genera (Table 
1). Nearly all Olpiinae possess short venom ducts 
where they generally do not reach et in the fixed 
chelal finger or t in the moveable chela 1 finger. 
The most obvious exception is Minniza barkhamae 
Mahnert 1991 from Saudi Arabia, in which the 
venom ducts are quite elongate (Mahnert 1991). 
The distinctiveness of the hesperolpiines is 
further emphasized by the results of Murienne 
et at. (2008) who, using molecular sequence data 
from two nuclear ribosomal genes and one 
mitochondrial protein-encoding gene, found 
that the three hesperolpiines used in the study 
(Apul opium parvum Hoff 1945, Nanolpium sp. and 
Progarypus sp.), formed a clade with the olpiine 
Pachyolpium sp., whereas the remaining olpiines 
(Beierolpium bornemisszai (Beier 1966), Catocheiridius 
termitophilus Beier 1964, E.uryolpiuni sp. and 
Xenolpium sp.) formed a monophyletic clade that 
was sister to Garypidae (Anagarypus heatuwlei 
Much more 1982 and Synsphyronus apimelus 
Harvey 1987). This phylogeny was found with the 
combined analysis of (a) the 18S rRNA, 28S rRNA 
and COI data, and (b) the 18S rRNA and 28S rRNA 
data. The COI analysis found Garypidae grouping 
with Pachyolpium sp. and Apolpium parvum, 
with Nanolpium sp. and Progarypus sp. grouping 
with the remaining olpiines. The placement of 
Pachyolpium sp. with the hesperolpiines argue 
against the proposed division of the Olpiidae 
into two subfamilies, but presumably further 
molecular markers and additional taxa may help 
to resolve this conundrum. 

Further research into the affinities of both 
olpiid subfamilies is necessary. The olpiines and 
hesperolpiines share a number of morphological 
features with other garypoid families: the 
short venom ducts found in olpiines are also 
found in Menthidae and some Garypinidae 
(all genera except Amblyolpium Simon 1898 
and Neoambli/olpium Hoff 1956), and the long 


venom ducts characteristic of the Hesperolpiinae 
are also found in Geogarypidae, Garypidae, 
Larcidae and some Garypinidae (Amblyolpium 
and Neoamblyolpium). The lack of any features 
providing firm evidence for the monophyly 
of the Olpiidae suggests that the Olpiinae and 
Hesperolpiinae may not be sister taxa, concordant 
with the analyses of Murienne cl ah (2008), and 
that other character systems need to be explored 
to establish their affinities and status within the 
Garypoidea. 

Genus Linnaeolpium gen. nov. 

Type species 

Linnaeolpium linnaci sp. nov. 

Diagnosis 

Lhmaeolpium differ from all other olpiid genera 
by the following combination of characters: two 
blades in the cheliceral rallum (Figure 8), reduced 
eyes (Figure 2), the lack of enlarged tactile setae 
on the dorsal surface of the pedipalpal femur 
(Figure 3), and the position of trichobothrium it 
which is situated on the externo-dorsal face of the 
fixed chelal finger (Figure 3). Linnaeolpium can be 
explicitly distinguished from other olpiid genera 
currently known to occur in Australia as follows: 
from Beierolpium by the position of trichobothrium 
st, which is distal to sb in Linnaeolpium and dorsal 
to sb in Beierolpium (e.g. Heurtault 1982; Harvey 
1988); and from Euryolpium, Qlpium and Xenolpium 
by the position of trichobothrium est which is 
clearly basal to it in Euryolpium, Qlpium and 
Xenolpium , but is on approximately the same level 
as it in Linnaeolpium, There also appears to be 
unnamed representatives of hidolpium in Australia 
(Stahlavsky et al. 2006; Harvey, unpublished data), 
which can be distinguished by the same criterion 
as Euryolpium, Olpium and Xenolpium. 

Description 

Male 

Chelicera: with 5 setae on hand, all setae 
acuminate; movable finger with 1 subdistal seta; 
subterminal tooth of movable finger not bifurcate 
and not enlarged; rallum of 2 or 3 blades, anterior 
blade smooth except for 2 basal serrations on 
posterior margin; lamina exterior present, quite 
broad. 

Pedipalp: femur apparently without tactile setae. 
Fixed chelal finger with 8 trichobothria, movable 
chelal finger with 4 trichobothria; eb, esb and isb 
situated basally in straight row; eb and esb closely 
spaced, less than 1 areolar diameter apart, esb 
closer to isb than to eb; est situated medially on 
external face of fixed finger, situated midway 
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between et and esb; el situated subdistally; is! 
situated on approximately same level of isb; ib 
situated dorsal to eb; st situated closer to chelal 
finger margin than b, sb and t. Venom apparatus 
present in both chelal fingers, venom ducts very 
short, terminating in nodus ramosus almost 
immediately. 

Cephalothorax: carapace sub-rectangular; with 
1 pair of eye-spots with very flat lenses situated 
near anterior margin of carapace. 

Abdomen: pleural membrane longitudinally 
striate. Tergites and sternites without any trace 
of suture line; glandular setae absent. Spiracular 
helix present. 

Genitalia: dorsal anterior glands absent; 
ejaculatory canal atrium large; with 1 pair of 
internal glandular setae; median genital sac 
ovoid. 

Legs: junction between femora and patellae I and II 
broad and apparently mobile; femur I approximately 
same length as patella I; tibiae III and IV without 
tactile seta; metatarsi III and IV with long tactile 
seta situated very close to basal edge; setal 
formula of metatarsus IV T-l-1-2-1 or T-l-1-3-1 or 
T-0-1-1-3 or T-2-2-3-2; arolium much longer than 
claws, not divided. 

Etymology 

This genus is named for Carolus Linnaeus (1707- 
1778), founder of the modern system of taxonomy 
during the 250th anniversary of the publication 
of the 10th edition of Systema Naturae (Linnaeus 
1758), and combined with the generic name 
Olpium. It is neuter in gender. 

Linnaeolpium linnaei sp. nov. 

Figures 1-12 

Material examined 

Holotype 

Australia: Western Australia: 6, Mesa K 
(sample K0502 T4-2), near Pannawonica, 21°42'33"S, 
116°16'16"E, 12 January 2007, D. Kamien (WAM 
T82354). 

Diagnosis 

Linnaeolpium linnaei is distinguished from all 
other Australasian olpiids by the reduced eyes. 

Description 

Adult mate 

Body moderately flattened. Colour with 
sclerotized portions generally very pale, pedipalps 
and anterior portion of carapace slightly darker. 


Chelicera: with 5 setae on hand (Figure 6), all setae 
acuminate; movable finger with 1 subdistal seta; 
subterminal tooth of movable finger not bifurcate 
and not enlarged; with 2 lyrifissures on dorsal face 
and 1 lyrifissure on ventral face; galea with bifurcate 
tip and 1 sub-medial ramus; rallum composed of 
2 blades, distal blade with 2 basal serrations on 
posterior margin, basal blade smooth (Figure 8); 
serrula exterior with 16 blades; lamina exterior 
present, moderately broad. 

Pedipalp: trochanter, femur and patella 
completely smooth, chela with several large 
granulations on mesal surface at base of fingers; 
setae very long and acicular; trochanter elongate, 
without tubercles; trochanter 2.73, femur 3.47, 
patella 2.35, chela (with pedicel) 3.60, chela 
(without pedicel) 3.50, hand 1.75 times longer 
than broad, movable finger 1.06 times longer 
than hand. Femur apparently without long tactile 
setae. Patella with three lyrifissures situated 
dorsally near pedicel. Fixed chelal finger with 
8 trichobothria, movable chelal finger with 4 
trichobothria (Figure 4): eb and esb situated 
basally; esb closer to eb than to isb; est slightly 
basal to it; trichobothria ib situated slightly basally 
to eb; ist slightly distal to isb; et situated near distal 
end of finger; ca. 6 microsetae (chemosensory 
setae) present on fixed finger distal to et; sb 
situated closer to b than to st; t situated mid-way 
between st and tip of movable finger; microsetae 
(chemosensory setae) not present on movable 
finger; small "sensory spot" situated slightly 
distal to sb, consisting of single elliptical opening. 
Venom apparatus present in both chelal fingers, 
venom ducts very short, terminating in nodus 
ramosus almost immediately. Chelal teeth obtuse; 
fixed finger with 25 teeth; movable finger with 23 
teeth; accessory teeth absent. 

Cephalothorax: carapace (Figure 2) 1.38 times longer 
than broad; sub-rectangular; with 1 pair of eye- 
spots with flat lenses situated near anterior margin 
of carapace, posterior pair missing; with 16 setae, 
arranged 4: 4: 2: 4: 2; without furrows; with 5 pairs 
of lyrifissures. Manducatory process with 1 long 
distal, 1 long sub-distal and 2 small internal setae; 
remainder of maxilla with 6 setae. Chaetotaxy of 
coxae I-IV: 3: 5: 4: 5. 

Abdomen: pleural membrane longitudinally striate. 
Tergites and sternites without medial suture. Tergal 
chaetotaxy: 2: 2: 2: 3: 4: 3: 4: 4: 4: T1T2T1T: 1T2T1: 2; 
uniseriate; all setae acicular. Sternal chaetotaxy: 6: 
(0) 2 [1+1] (0): (0) 4 (0): 4: 4: 4: 4: 4: T1T2T1T: 1T1T1T1: 
2; setae uniseriate and acuminate; glandular setae 
absent; anus not surrounded by sternite XI. 

Genitalia: ejaculatory canal atrium large and 
rounded; dorsal anterior glands absent; median 
genital sac ovoid, undivided (Figure 12). 

Legs: junction between femora and patellae I and 
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II broad and apparently sub-mobile; femur I about 
same length as patella I; femur + patella of leg IV 
3.56 times longer than broad; femora I and II with 
2 perpendicular lyrifissures situated sub-distally; 
tibiae III and IV with 2 moderately long tactile 
setae, one situated proximally, the other situated 
sub-medially (Figure 10); metatarsi III and IV with 
long subbasal tactile seta (Figure 10); metatarsus IV 
with setal formula of 1-1-1-2-1 (i.e. dorsal face with 

1 tactile seta and 2 regular setae; ventral face with 

2 paired setae; lateral face with 1 seta); tarsus IV 


with 4 pairs of ventral setae; subterminal tarsal setae 
arcuate and acute; arolium much longer than claws, 
not divided (Figures 9-11). 

Dimensions (mm): Male holotype: Body length 
1.32. Podipalps: trochanter 0.192/0.070, femur 
0.288/0.083, patella 0.250/0.106, chela (with pedicel) 
0.461/0.128, chela (without pedicel) 0.448, hand 
length 0.224, movable finger length 0.237. Chelicera 
0.115/0.064, movable finger length 0.090. Carapace 
0.176/0.128; eye diameter 0.003. Leg 1: femur not 



Figures 2-8 Linnaeolpium limmei sp. nov., holotype male (WAV! T82354): 2, carapace, dorsal aspect; 3, right pedipalp, 
dorsal aspect; 4, left chela, lateral aspect; 5, left chela! fingers, detail; 6, right chelicera, dorsal aspect; 7, tip of 
movable chelicera! finger, dorsal aspect; 8, right railum, lateral aspect. Scale lines = 0.1 mm (Figures 2-5), 0,5 
mm (Figure 6), 0,25 (Figure 8). 
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measurable, patella 0.180/0.076, tibia 0.255/0.077, 
metatarsus 0.102/0.061, tarsus 0.128/0.051. Leg 
IV: femur + patella 0.249/0.070, tibia 0.173/0.047, 
metatarsus 0.058/0.040, tarsus 0.090/0.031. 

Remarks 

Linnaeolpium linnaei is currently known from 
only a single location in north-western Western 
Australia where it was taken from a litter trap 
within a pisolite mesa, and as such can be readily 
characterised as a short-range endemic species as 
defined by Harvey (2002). The specimen displays 
some troglomorphic features such as reduced eyes 
and pallid colouration. Despite having examined 


numerous Australian olpiines from a wide variety 
of habitats, we have not seen any specimens 
apart from the holotype of L linnaei that bears 
reduced eyes. Other troglobitic pseudoscorpions 
have been recently recorded from the pisolitic 
mesas situated near Pannawonica, including 
Tyrannochthonius basme Edward and Harvey 2008 
and Lagynochthonius asema Edward and Harvey 
2008 (Chthoniidae) (Edward and Harvey 2008), 
Indohya sp. (Hyidae) (Harvey and Volschenk 2007), 
and Ideoblothrus pisolitus Harvey and Edward 
2007, I. linnaei Harvey and Leng 2008, and L sp. 
Mesa A (Syarinidae) (Harvey and Edward 2007a; 
Harvey and Leng 2008). All of these species 




Figures 9-12 

Linnaeolpium linnaei sp. nov., holotype male (WAM T82354): 9, left leg I, patella-tarsus, lateral aspect; 10, left 
leg IV, lateral aspect; 11, left leg IV, metatarsus and tarsus. Scale lines = 0.1 mm (Figure 10), 0.5 mm (Figures 9, 
11), 0.05 (Figure 12). 
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exhibit troglomorphic morphological features, as 
do other troglobitic arachnids recorded from the 
region including an oonopid spider (Harvey and 
Edward 2007b) and several schizomids (Harvey et 
al. 2008). 

Etymology 

This species is named for Carolus Linnaeus 
(1707-1778). 
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A new genus and species of stygobitic paramelitid amphipod 
from the Pilbara, Western Australia 


Terrie L. Finston, Michael S. Johnson and Brenton Knott 

School of Animal Biology (M092), University of Western Australia, 35 Stirling Highway, 
Crawley, Western Australia 6009, Australia 


Abstract - The Pilbara region of Western Australia contains a diverse 
and endemic groundwater fauna dominated by crustaceans, with 
am phi pods* being a conspicuous component of many communities. Previous 
morphological and molecular research has demonstrated the need for 
revision of the current amphipod taxonomy. Specifically, examples of cryptic 
spoliation and of morphological variation within single species suggest that 
a combined approach is needed to address the taxonomic gap. In this paper 
we use molecular and morphological evidence to show the distinctiveness of 
a new genus and species of stygobitic amphipod, Kruptus limwei, known from 
Spear holy Creek in the Pilbara. 

Key words: allozymes, crangonyctoid, morphology, Neoniphargidae, 
taxonomy 


INTRODUCTION 

The Pilbara is a large (178 000 km 2 ) semi- 
arid bio-region in the northwest of Western 
Australia. The region is rich in iron ore, hence it 
is an area of significant mining activity. Below 
the arid landscape, the Pilbara hosts a rich 
groundwater fauna (Humphreys 1999, 2001). A 
recent survey suggested the presence of more than 
150 groundwater species, many of which are new 
to science, and of which nearly 60% are endemic 
to the area (Eberhard et al. 2005a). Am phi pods are 
an abundant component of the groundwater fauna 
of the Pilbara. So far, 17 species of amphipods 
within the family Paramelitidae Bousfield 1977 
have been described from the Pilbara (Bradbury 
and Williams 1997a, Bradbury 2000), and there 
are records of at least two additional families 
present. Specimens of Melitidae Bousfield 1973 
and Neoniphargidae Bousfield 1977 were collected 
during a survey of the groundwater fauna of 
the Pilbara conducted by the Department of 
Environment and Conservation (DEC; S. Halse, 
perse comm.). 

The taxonomy of the amphipods of the Pilbara is 
poorly resolved. Allozymes suggest the presence 
of many undescribed species (Finston and Johnson 
2004). Further, morphological interpretation 
rarely coincides with molecular diversity. For 
example, the 14 species of Chydaekata Bradbury 
2000, described from Ethel Gorge in the upper 
Fortescue River basin northwest of Newman, 
W.A., suggest morphological diversity that is not 
matched by molecular diversity; neither allozymes 


nor mtDNA indicate the presence of more than 
one species of Chydaekata in the area (Finston et 
al. 2004; Finston et al. 2007). In contrast, molecular 
diversity in Pilbarus Bradbury and Williams 
1997a and Chi/daekata is associated with separate 
tributaries, but no morphological characters 
have been found to differentiate the distinct 
mtDNA lineages (Finston et al. 2007). Lefebure et 
al. (2006) attribute the preponderance of cryptic 
species in the groundwater to constraints on 
form or convergence of characters in extreme 
environments. The potential for cryptic diversity, 
in combination with historical difficulties with 
morphological taxonomy of the amphipods of 
the Pilbara, indicates the need for molecular 
assistance to guide the placement of taxonomic 
boundaries. This paper utilises a combined 
approach towards documentation of the diversity 
of amphipod species in the groundwater of the 
Pilbara. 

The Giles Mini site (23°17WS, 119 C 09'54"E) lies 
on Spear hole Creek, in the upper Fortescue River 
catchment, at the western end of the Ophthalmia 
Range. Uplift of shale layers and bedrock along 
the Ophthalmia fault has resulted in the presence 
of multiple, confined aquifers in the region, which 
are overlain with a shallow layer of calcrete 
(I.iarmsworth et al. 1990; Jason Pepper, pers. 
comm.). The presence of confined aquifers could 
provide the isolation necessary for the evolution 
of multiple species, each restricted to a different 
aquifer. Indeed, allozvme comparisons revealed 
the presence of four genetic groups of amphipods 
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in the area, two in the shale, and two in the 
calcrete (Finston and Johnson 2004). According to 
the allozymes, all four groups were paramelitids, 
and one showed both morphological and 
molecular affinities to Chydaekata, a widespread 
genus in the upper Fortescue River basin. The 
other three groups were not identified. One group, 
found in six bores, was relatively widespread in 
the shale, suggesting that movement does occur 
between formations, perhaps through fissures in 
the rock (Finston and Johnson 2004). The second 
group was found in a single bore, also in shale, 
and the third unidentified group occurred in a 
single bore in a calcrete aquifer. The present study 
utilizes morphology to assess the distinctiveness 
of the widespread allozyme group found in six 
bores. We use the combined results to describe 
a new genus and species of amphipod from 
Spearhole Creek. 

METHODS 

Collections and allozyme analysis 
Groundwater amphipods were collected from 
eight bores from the Giles Mini site in 2001 
and 2002, using standard methods (Eberhard 
et al . 2005b; see Table 1, Figure 1). The bores 
were sampled along a 3 km transect, and the 
samples were included in a regional study of 
allozyme diversity in the amphipod fauna in 
the Pilbara (Finston and Johnson 2004). Two 
shallow bores into calcretes were sampled, and 
the other six bores sampled aquifers in shale 
(Dale's Gorge, Whaleback and Joffre formations; 
Table 1), at depths ranging from 54 to 112 m. 
Due to the difficulties involved with sampling 
stygofauna (limited access to the groundwater, 
temporal variation in recharge and spatial 
variation in aquifer yield; Eberhard et al 2005a) 
sample sizes were small, ranging from 3 to 30 
amphipods per bore. In total, 100 individuals 
were analysed for variation at between nine and 


fifteen allozyme loci, as described in Finston and 
Johnson (2004). For the present paper, we have 
re-analysed the data for the nine loci for which 
we have population data (due to their small size, 
individuals could not be analysed for all 15 loci; 
a smaller subset of individuals was analysed for 
variation at the additional six loci) from Finston 
and Johnson (2004) for the Spearhole Creek 
samples. We also included a single multilocus 
genotype from an individual collected at the 
Seven Mile Creek, which showed genetic affinities 
to one of the allozyme groups from Spearhole 
Creek. We quantified the divergence between, 
genetically distinct groups in two ways, Nei's 
genetic distance (D; Nei 1972) and the proportion 
of loci that were diagnostic, i.e. those loci sharing 
no alleles between a pair of groups. We used 
multidimensional scaling (MDS) of the matrix of 
Nei's D to illustrate the genetic relationships. 

Morphological assessment 

A two-step approach was used to assess the 
taxonomic status of the widespread genetic 
group. First, existing keys and descriptions of 
the Australian amphipod fauna (Williams and 
Barnard 1988; Bradbury and Williams 1999; 
Lowry and Springthorpe 2001) were used to 
identify the specimens to the lowest taxonomic 
level possible. Second, to assess the generic 
and familial affinities of the specimens, we 
compiled 26 diagnostic characters from the 
generic descriptions and taxonomic keys of 
Australian freshwater amphipods (Williams and 
Barnard 1988; Bradbury and Williams 1996, 1997, 
1999; Bradbury 2000) and recorded character 
states for representatives of each genus described 
from the Pilbara ( Pilbarus Bradbury and Williams 
1997, Chydaekata , Molina Bradbury 2000) and the 
specimens from Spearhole Creek. In addition 
to the described genera, we also included two 
potential sister taxa in the analysis. Specimens of 
Neoniphargidae from the Robe and DeGrey River 


Table 1 Bores sampled for the present study, lithology (geological formation and depth targeted by the bore), allozyme 
group and number (n) analysed, and Western Australian Museum voucher numbers for the material used. 


Bore 

Target geology 

Depth (m) 

Allozyme group* (n) 

Voucher number 

GM019 

Multiple Whaleback Shale 

104 

H (13) 

WAM C40034 

GM027 

Joffre 

62 

H (3) 


GM039 

Multiple Whaleback Shale 

70 

FI (12) 

WAM C40035 

GM049 

Dale's Gorge 

84 

H (8) 

WAM C40036 

GM069 

Dale's Gorge 

112 

G (5), H (25) 

WAM C40037 

GM1.18 

Multiple Whaleback Shale 

54 

H (4) 

WAM C40038, WAM C40039 

GMP22 

calcrete 

40 

1(24) 

WAM C40040 

GMP77 

calcrete 

23 

F(6) 



* groups as assigned in Finston and Johnson (2004). 
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Figure 1 Map of sampling locations or type localities (*) tor specimens used in the present study. Names and outlined 
areas indicate drainage basins. 


basins in the Pilbara, most closely resembling 
Wesniphargus Williams and Barnard 1988 (herein 
referred to as 'nr. Wesniphargus'), were included 
as was Protocrangonyx fontinnlis Nicholls 1926 
from the Parameiitidae. Two species of the genus 
Nedsia Barnard and Williams 1995 from the family 
Melitidae were included as outgroups. Character 
states for Pi Warns millsi Bradbury and Williams 
1997, C. In/duck a ta acuminata Bradbury 2000, C. 
brachybasis Bradbury 2000, C. nudiila Bradbury 
2000, C, scapula Bradbury 2000, Molina pleobranchos 
Bradbury 2000, Protocrangonyx fontinalis, Nedsia 
douglasi Barnard and Williams 1995, and N. 
straskraba Bradbury and Williams 1996 were 
determined from the original descriptions. 
Character states for the specimens from Spear hole 
Creek were obtained from examination of 
preserved material as follows: we examined 14 
specimens of the widespread genetic group from 
five bores (five males, five females, four juveniles). 
Three specimens belonging to two presumptive 
taxa of nr. Wesniphargus , nr. Wesniphargus (Robe), 
n=2 and nr. Wesniphargus (DeGrey), n I, were 
loaned by the DEC and dissection was not 
permissible. Externally, the specimens matched the 
description of the genus Wesniphargus (Williams 
and Barnard 1988), with one major exception - our 
specimens lacked eyes. Of the 26 characters, most 
(21) were observable without dissection. As these 


characters matched the description of Wesniphargus , 
the remaining features (presence of inner lobes on 
the lower lip, rugosity on the maxilliped palps, 
and three characteristics of the mandibular palp) 
were assumed also to match the description of the 
genus and were scored as per the description. In 
addition, we had to make assumptions about the 
gender of these specimens. All three specimens had 
asthetascs on antenna 1 and calceoli on antenna 
2, hence we assumed that these specimens were 
males, as per the description. In total, 11 species 
from six genera and three families were included in 
the comparison with the specimens from Spear hole 
Creek. We did not include all species of Cln/daekata 
and Nedsia because the analysis was intended 
simply to assess morphological affinities at the 
generic and familial levels. 

A data matrix of the scores of 12 taxa for the 
26 characters was constructed using NDE 5.0 
(Page 2001), and all characters were included as 
unorderecl and unweighted. Phylogenetic analysis 
of this matrix involved a heuristic search using 
parsimony and tree bisection reconnection ( I MR) 
branch swapping, performed in PAL P (Swofford 
2001), with the starting tree obtained by step-wise 
addition. A 50% majority rule consensus tree was 
obtained from 100 bootstrap replicates. The two 
species of Nedsia were used as the outgroup. 
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Figure 2 MDS of Nei's (1972) genetic distance D 
between multilocus genotypes pooled for each 
bore at Spearhole Creek. Circles = genotypes 
from Spearhole Creek, triangle = genotype 
from Seven Mile Creek. Genetic groups F-l as 
in Finston and Johnson (2004); S = Seven Mile 
Creek. 


RESULTS 


Allozymes 

Four genetic groups were detected in the 
samples from Giles Mini (Table 1; group 
designations as in Finston and Johnson (2004); 
Figure 2). The most common group, H, was 
composed of 65 individuals from six bores (Table 
1), and represents the new genus and species 
described in this paper. Groups F, G, and I 
were found in single bores (Table 1). Group F, 
represented by six individuals from bore GM077, 
showed both morphological and molecular 
affinities to Chydaekata (Finston and Johnson 
2004). This genus differed from groups G, FJ and 
I by genetic distances ranging from 1.08 to 3.53 
(Table 2) and in the high proportion of diagnostic 
loci, which ranged from 0.44 to 0.89 (Table 2). 
Group H differed from all other groups by genetic 


Table 2 Measures of genetic differentiation among 
allozyme groups. Above diagonal: Nei's (1972) 
genetic distance. Below diagonal: proportion 
of loci showing allelic substitutions between 
groups. 


Group 

F 

G 

H 

I 

S 

1 

X 

3.53 

1.98 

1.08 

1.49 

G 

0.71 

X 

0.71 

1.04 

1.06 

H 

0.33 

0.50 

X 

1.09 

0.78 

I 

0.47 

0.79 

0.27 

X 

1.44 

S 

0.57 

0.79 

0.53 

0.36 

X 


distances of 0.71 to 1.98, and in proportions of 
diagnostic loci from 0.22 to 0.56 (Table 2). The 
smallest distance between groups occurred 
between groups G and FI, where D was 0.71 and 
the proportion of diagnostic loci was 0.22 (Table 
2). The genetic distance between group FI and 
the individual from Seven Mile Creek, which 
showed some affinities to group IT in a previous 
study (Finston and Johnson 2004) was 0.78, and 
the proportion of diagnostic loci between the two 
groups was 0.56. 

Morphological assessmen t 

The specimens from group FI could not be 
identified to species using existing keys and 
descriptions. They fit the definition of Williams 
and Barnard (1988) for crangonyctoid amphipods, 
namely having a prominent third uropod, 
which is bi-ramous and with the inner ramus 
reduced, prominent mandibular palps, accessory 
flagellum present on antenna 1, and the presence 
of simple sternal gills. If we follow strictly the 
key of Bradbury and Williams (1999), we fail to 
differentiate our specimens as either Corophiidae 
or Crangonyctoidea, due to the presence of an 
accessory flagellum on antenna 1 (Crangoncytoid) 
in combination with an entire telson, lacking any 
notching (Corophiidae). However, if we accept 
that crangonyctoids may have an entire telson 
(e.g. Protocrangonyx Nicholls 1926), then our 
specimens key to the family Neoniphargidae, due 
to the presence of rugosities on the gnathopods. 
Within the Neoniphargidae, the key fails at the 
first couplet, because the sternal gills in our 
specimens are small and bud-shaped, not sausage¬ 
shaped, nor dendritic. Further, all neoniphargids 
species so far described have rugosities on the 
prodopus and the maxillipedal palp, whereas 


Table 3 Characteristics of specimens from Group H 
and the family to which the character belongs. 
N = Neoniphargidae, P = Paramelitidae. 


Character Family 

Urosomes nearly smooth N 

Coxae reduced, narrow P 

Antennal sinus shallow P* 

Lower lip with weak inner lobes N 

Outer plate of maxilla 1 with ~10 apical robust setae P 
Pereopod 7 longest P 

Telson entire N 

Apices of telson with one seta P 

Uropod 3 terminal article lacking P* 

Palmar setae of gnathopods simple P* 

Sternal gills present on peraeon 7 P 

Distal article of uropod 3 absent P* 

Rugosities present on gnathopods N 


* indicates character is within acceptable range, but is not 
the usual state. 
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P. milfsi 


C. acuminata 


C. brachybasis 


C . nudula 
C. dolichodactyla 


A 


P. fontinatis 




Paramelitidae 


K. linnaei (group H) 

J 


nr. Wesniphargus (DeGrey) 

nr. Wesniphargus (Robe) 


Neoniphargidae 


Figure 3 50% majority rule consensus tree for morphological character state data for known species of paramelitids 

from the Pilbara, and two representative-- of neoniphargids from the DeGrey and Robe River basins. Two 
species of the melitid genus Nedsiti were used as the outgroup. Glades are labelled A - D, and bootstrap values 
shown below branches. 


rugosities are limited to the ischium and merits 
in the Giles group H specimens. In addition, the 
specimens from group 11 lack the body type of 
the neoniphargids, such as a short and deep body, 
deep coxae, and lobate carpi of the gnathopods. 
Although keying to the neoniphargids, several 
characters place the Giles group H specimens 
with the Paramelitidae, such as reduced coxae, the 
presence of sternal gills on the 7 th pereopod, and 
the absence of well-developed inner lobes of the 
lower lip (Table 3). If we assume our specimens are 
paramelitids, despite the rugose gnathopods, then 
our specimens key to Protocrnngom/x fonlimilis, 
due to the presence of simple sternal gills and 
the telson being entire. Despite this superficial 
similarity, our specimens clearly are not P. 
fontinails, which has many characteristics that 
differ from the group 11 specimens, including the 
lack of calceoli, an accessory flagellum on antenna 
1 of only two articles, the presence of a coxal 
gill on gnathopod 2, the lack of a coxal gill on 
pereopd 7, the presence of large, strongly oblique 
gnathopods, and short carpi on gnathopod 2, the 


proportions of article 1 of the mandibular palp 
being approximately as long as wide, and having 
long posterior setae on perepods 3 and 4. 

A heuristic phylogenetic analysis of 26 diagnostic 
characters (Table 4) showed four clades (Figure 3). 
Glade A contained the melitid outgroup ( Ncdsin ), 
clade B contained the paramelitids excepting 
Protocrcmyonyx, clade C contained Protocrangom/x, 
and clade D contained the neoniphargids (Figure 

3). The specimens from group 1.1 occurred as a 

long branch in the para melitid clade (clade B). 
The taxonomic position of Protocnmyom/x was 
unresolved, falling outside of the paramelitici 
clade (Figure 3). Bootstrap support was high for 
both the para melitid (91%*), and the neoniphargid 
(1 ()()%•►) clades. The group H specimens share many 
characteristics with the other paramelitid genera, 
and in particular, with Molina. The two taxa share 
such traits as the coxal gills extending to segment 
7 and possessing a full set of sternal gills on 
sternites 2-7. Nevertheless, group H individuals 
differed from Molina in eight characters (Table 5), 
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Table 4 Characters and character states used for classification of known species of paramelitids and undescribed 
neoniphargids from the Pilbara. Two species of Nedsia (mehtid) were used as outgroups. 


1. Number of articles on accessory flagellum Al: 

1. <3 (short) 

2. ^3 (long) 


14. Basio-facial seta Ul: 

0. always absent 
1. sometimes or always present 


2. Inner ramus U3: 

0. short or absent 

1. moderately elongate; s? 1/3 length outer 


15. Inner lobes lower lip: 

0. absent 
1. present 


3. Mandibular palp: 

0. reduced (2 articles) 

1. prominent (3 articles) 

4. Calceoli on A2 (male): 

0. absent 
1. present 

5. A2 length of flagellum: 

0. m length of peduncle 
1. > length of peduncle 


16. Calceoli on peduncle: 

0. absent 
1. present 

17. Rugosities on gnathopods: 

0. absent 
1. present 

18. Rugosities on maxilliped palp: 

0. absent 
1. present 


6. Coxae: 

0. reduced 

1. intermediate 

2. expanded 

7. First location of coxal gills: 

0 . 2 

1. 3 

8. Last location of coxal gills: 

0 . 6 

1. 7 

9. Sternal gills: 

0. absent 

1. partial set (6-7) 

2. near full set (2-6 or 3-6) 

3. full set (2-7) 

10. Palmar angle Gl: 

0. strongly oblique 

1. weakly oblique 

2. transverse 


19. Type of sternal gills: 

0. simple or absent 
1. dendritic or lumpy 

20. Number of articles in pleopod rami: 

0. short (3-7) 

1. long (8-11) 

21. Distal article of outer ramus of uropod 3: 

0. absent 
1. present 

22. Article 1 of mandibular palp: 

0. length ** width 

1. length noticeably longer than width 

23. Article 2 of manibular palp: 

0. with few setae 
1. moderately setose 

24. Posterior setae on article 2 of pereopods 3 and 4: 

0. short 
1. long 


11. Palmar angle G2: 

0. strongly oblique 

1. weakly oblique 

2. transverse 

12. Carpus of G2: 

0. short; *S '50% prodopus 
1. long; prodopus 


25. Distal margin of coxa 4: 

0. not excavate 
1. excavate 

26. Mandibular palp article 3: 

0. lacking C setae 
1. bearing C setae 


13. Telson deftness: 

0. 0% (entire) 

1. <50% 
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Figure 4 Kruptus hnnnci sp. now, holotype male 2.4 mm, whole animal (top), antennae (A), calceolus (C), mandible 
(MD), lower lip il I ), R- right, L = left. Seale lines = 200 pm. 


including the shape of the sternal gills (Figure 4; 
simple buds versus sausage-shaped, respectively), 
the number of articles in the accessory flagellum 
{Figure 4; three versus six, respectively), the 
presence (group 11) or absence (Molina) of calceoli 
on antenna 2 (Figure 4), deftness of the telson 
(Figure 5; 0% and 80%, respectively), and the 
presence (group H) or absence ( Molina ) of rugosity 
on the gnathopods (Figure 5). In comparison, 
the number of character differences between 
other pairs of pa mine! it id genera range from two 
between Pilbanis and Cfn/daekatn (the absence 


or presence of sternal gills and the shape of 
gnathopod 2) to four between Pilbanis and Molina. 
While the specimens from group 11 share the 
character of rugosities on the gnathopods with 
the specimens of nr. Wesuipiuirgus, they differ 
in 19 other characters, including the number of 
articles in the accessory flagellum of antenna 1, 
the relative length of the flagellum to the peduncle 
of antenna 2, the location of the coxal and sternal 
gills, the shape of the gnathopods and relative 
size of the carpus, the deftness of the telson, 
type of sternal gills, and size and setation of the 
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Table 5 Character matrix for known species of Pilbara paramelitids and undescribed neoniphargids. Nedsm (melitid) 
is used as an outgroup. Character states that are inapplicable are scored as - in the matrix, nr. Wes = nr. 
Wesniphargus. DeG = DeGrey River, Rob = Robe River. 


Characters 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Species 

N. douglasi 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

N. straskraba 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

M. pleobranchos 

2 

1 

1 

0 

1 

1 

0 

1 

3 

2 

1 

1 

P. mills:! 

2 

1 

1 

1 

1 

1 

0 

0 

0 

2 

1 

1 

C. acuminata 

2 

1 

1 

1 

1 

1 

0 

0 

1 

2 

1 

1 

C. brachybasis 

2 

1 

1 

1 

1 

1 

0 

0 

1 

2 

2 

1 

C. nudula 

2 

1 

1 

1 

1 

1 

0 

0 

1 

2 

1 

1 

C. scapula 

2 

1 

1 

1 

1 

1 

0 

0 

1 

2 

1 

1 

Group H 

2 

1 

1 

1 

1 

0 

1 

1 

3 

2 

2 

1 

P. fontinalis 

1 

1 

1 

0 

0 

1 

0 

0 

2 

0 

0 

0 

nr. Wes (DeG) 

1 

1 

1 

1 

0 

2 

0 

0 

2 

1 

1 

0 

nr. Wes (Rob) 

1 

1 

1 

1 

0 

2 

0 

0 

2 

1 

1 

0 


Characters 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

Species 

N. douglasi 

2 

1 

1 

0 

0 

0 

0 

0 

1 

0 


1 

0 

0 

N. straskraba 

2 

1 

1 

0 

0 

0 

0 

0 

1 

0 

- 

1 

0 

0 

Mr pleobranchos 

2 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

1 

0 

P, millsi 

2 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

1 

1 

C. acuminata 

2 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

1 

0 

C. brachybasis 

2 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

0 

0 

C. nudula 

2 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

1 

0 

C. scapula 

2 

0 

1 

1 

0 

0 

0 

1 

1 

1 

0 

1 

1 

0 

Group H 

0 

0 

1 

1 

1 

0 

0 

0 

0 

1 

0 

0 

0 

0 

P. fontinalis 

0 

0 

0 

0 

1 

0 

0 

0 

0 

0 

0 

1 

0 

0 

nr. Wes (DeG) 

2 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

0 

1 

1 

nr. Wes (Rob) 

2 

0 

0 

0 

1 

1 

1 

0 

1 

0 

1 

0 

1 

1 


articles of the mandibular palp (Table 5). Despite 
some similarities to Protocrangonyx fontinalis, such 
as an entire telson and lack of a distal article on 
the outer ramus of uropod 3 (Figure 5), rugosities 
on the gnathopods but not on the maxillipedal 
palps (Figure 6), and short pleopodal rami (Figure 
7), the two taxa differ in 14 other characteristics, 
such as the number of articles in the accessory 
flagellum of antenna 1, the presence (group H) or 
absence (P. fontinalis) of calceoli on antenna 2, the 
relative length of the flagellum to the peduncle 
of antenna 2, the location of the coxal and sternal 
gills, the shape of the sternal gills, the shape of 
the gnathopods and relative size of the carpus, 
the relative proportion of the articles of the 
mandibular palp, and setation on pereopods 3 
and 4. 

DISCUSSION 

Molecular and morphological data confirmed 
the distinctiveness of the specimens from group 
H, and verified their status as a new genus 
and species. Analysis of allozymes from 100 


individuals from Spearhole Creek revealed four 
highly divergent genetic groups, which were 
characterised by allelic substitutions at a large 
proportion of loci and high genetic distances. 
The low sample size of some of these groups, 
such as F ( Chydaekata ) and G precludes detailed 
analysis of genetic diversity within groups, and 
error associated with small sample sizes and a 
limited number of loci may bias between-group 
variation. Nevertheless, these results provide 
the basis for seeking congruent morphological 
variation. Hence morphological evidence, which 
supports the genetic findings, provides a robust 
framework for identifying unique taxa. Group F 
was identified as Chydaekata , and group I differed 
from group H in a number of characters, including 
a telson that was nearly fully cleft and that was 
ornamented with both setae and plumose setae, 
very small, highly oblique gnathopods, and the 
outer ramus of uropod 3, which possessed a distal 
article and had setal tufts along the margin. Only 
group G has not been confirmed morphologically 
because only five individuals were present in 
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Figure 5 Kruptus Hnnoci sp. nov., holotype, appendages: gnathopods (G), telson (T), uropods (U). R- right, L = left. 
Scale fines- 200 pm. 


our collections and they were consumed during 
electrophoresis. On a broader geographical scale, 
we have analysed genetic diversity in amphipods 
from 35 bores at eight sites in the Pilbara 
(Finston and Johnson 2004; Finston ti al. 2004), 
and identified only a single specimen showing 
genetic affinities to the group H specimens. This 
specimen, from Seven Mile Creek, differed from 
group H by a genetic distance of 0.78, and in a 
high proportion of diagnostic loci (0.56). Yet this 
species is perhaps the closest relative to group 
H, and may represent a congener. The specimen 


was consumed for allozyme electrophoresis, 
so tutu re collections should focus on finding 
more representatives of this species, in order to 
determine its morphological relationship to group 
1F 

The distribution, of species at Spearhole Creek 
sheds some light on dispersal capabilities of the 
genetic groups and on hydrological connections 
between geological formations at small and large 
scales. While discrete aquifers were predicted 
to be contained within the shale formations, the 
presence of group H in multiple shale formations 
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indicates that movement is possible over these 
short distances, perhaps through cracks and 
fissures. The presence of Chydaekata , a widespread 
genus comprising multiple distinct lineages 
that occupy separate creek catchments over 
hundreds of kilometres in the upper Fortescue 
River basin (Finston et at, 2007), is unlikely to be 
due to recent migratory events. Such widespread 
distributions are hypothesised to occur as a 
result of extended periods of drying, during 
which time invasions of the groundwater by 
surface ancestors were followed by isolation and 
genetic divergence (Bradbury and Williams 1997b; 
Humphreys 1999, 2001; Finston et at. 2007). The 
restriction of Chydaekata to the calcrete aquifer 
at Spearhole Creek and its exclusion from the 
shale deposits may reflect its need for larger 
void spaces. We conclude that habitat type and 
connections in groundwater flow are important 
factors in determining the local movement and 
distribution of species, while hydrological events 
and historical processes play a role in shaping 
broader distributions. 

Morphological analysis upheld the 
distinctiveness of the specimens from group H. 
The specimens do not fit the descriptions of any 
species, and differ in a number of diagnostic 
characters at a level greater than that between 
the other genera in this study. Hence both 
molecular and morphological evidence support 
the description of a new genus and species 
from group H from Spearhole Creek. While the 
majority of the evidence suggests the species 
belongs in the family Paramelitidae, the species 
from group H also possesses some characters 
diagnostic of the neoniphargids, and characters 
that should exclude it from the paramelitids. 
Similarly, Protocrangonyx possesses characters of 
both families, however the weight of evidence 
places group H in the paramelitids, whilst the 
taxonomic position of Protocrangonyx could not be 
resolved. The characters considered to define these 
families have changed since their inception in 
1977 (Bousfield 1977), with the addition of newly 
examined material and critical evaluation of the 
range of acceptable character states (Williams 
and Barnard 1988, Bradbury and Williams 1997a, 
Bradbury and Williams 1999). Currently, only 
two characters appear to separate the families: 1) 
the presence of rugosities on the gnathopods and 
palp of maxillipeds in the neoniphargids, and the 
absence of these structures in the paramelitids; 
and 2) the presence of sternal gills on segment 7 in 
the paramelitids, whilst they terminate at segment 
6 in the neoniphargids (Bradbury and Williams 
1999). Many other characters have overlapping 
distributions between the two families. For 
example, the inner lobes of the lower lip are 
described as being absent in the paramelitids 


and ''poorly to moderately developed" in the 
neoniphargids (Bousfied 1977), but are absent or 
indistinct in several neoniphargid genera, such as 
Neoniphargus Stebbing 1899, Wesniphargus Williams 
and Barnard 1988, Yulia Williams and Barnard 
1988 and Tasniphargus Williams and Barnard 
1988 (Williams and Barnard 1988). Similarly, 
the sternal gills may be absent or simple in the 
paramelitids, but range from simple to dendritic 
in the neoniphargids (Bousfield 1977). An 
important feature of the neoniphargid body plan 
is the lengthening of the coxae, especially coxae 
1-4 (Bousfield 1977), but the coxae are described 
as "moderately elongate" in such paramelitid 
genera as Austrogammarus Barnard and Karaman 
1983, Antipodeus Williams and Barnard 1988 
and Hurleya Straskraba 1966 (Williams and 
Barnard 1988). Williams and Barnard (1988), 
while amending the diagnostic characters of the 
Paramelitidae and Neoniphargidae, highlighted 
the need for a formal re-diagnosis of these 
families. The inability to resolve the placement 
of Protocrangonyx, coupled with the discovery 
of group H, a new genus and species possessing 
characters from both families, confirms the need 
for such a revision, in which rugosities on the 
gnathopods, which may be present or absent, 
should be considered a diagnostic character of 
the paramelitids. 

Family Paramelitidae Bousfield 1977 
Kruptus gen. nov. 

Type species 

Kruptus Jinnaei sp. nov. 

Diagnosis 

Body subvermiform; pereonites and urosomites 
lacking dorsal setation; coxae short, coxa 4 not 
excavate, coxal gill lacking on coxa 7; epimera with 
few dorsal setae. Sternal gills small, simple, bud¬ 
shaped. Accessory flagellum of antenna 1 of three 
articles, the first and third being markedly short, 
and the second being markedly long, about 3 to 4x 
as great as the third article. Antenna 2 with type 
9 (crangonyctoid) calceoli. Article 1 of mandibular 
palp markedly longer than wide; article 2 with 
few setae; article 3 with DE setae; inner lobes of 
lower lip asymmetrical, poorly developed. Palms 
of gnathopods weakly oblique to transverse. Row 
of long setae on medial surface of prodopus of 
gnathopod 2; rugosities on merus of gnathopod 
2; carpi of gnathopod 2 long. Posterior setae on 
article 2 of pereopods 3 and 4 short. Inner ramus 
of uropod 3 relatively long, about Vi the length of 
outer ramus; outer ramus lacking the distal article; 
urosomes of uropods 1 and 2 short, approximately 
equal in length to peduncles. Telson entire. 
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Figure 6 Kruptus limiaei sp. nov., holotype, mouthparts; maxilla (MX), maxillipeds (MP). right, L = left. Scale lines = 
200 pm. 


Distribution 

Kruptus limiaei is known only from Spearhole 
Creek in the upper Fortescue River drainage 
basin, Pilbara, Western Australia 

Relationships 

Kruptus resembles Pilbnrus, Chydaekata , and 
Molina in having weakly oblique or transverse 
gnathopods. In addition, as in Chydaekata, 
asthetases are present on antenna 1 and calceoli 
are present on antenna 2 in the male. Kruptus can 
be distinguished from these genera by its telson, 
which is entire, while in the former genera the 


telson is deeply deft, ranging from 70 to 90%. 
Kruptus shares several characteristics with Molina, 
such as having a complete set of sternal gills (2- 
7), hut it can be distinguished from Molina by the 
presence of calceoli on the second antenna in the 
male, which are absent in Molina, the number of 
articles in the accessory flagellum, which is three 
in Kruptus , but six in Molina, and the shape of the 
sternal gills in Kruptus, which are small buds, 
while they are sausage-shaped in Molina, Kruptus 
also shares some traits with Protocrangom/x, 
such as the lack of the distal article on the outer 
ramus of uropod 3, and an entire telson, but can 















406 


T.L. Finston, M.S. Johnson, B. Knott 


be distinguished from that genus by its smaller 
gnathopods, coxal gill 7, which is present in 
Kruptus but absent in Protocrangonyx, the number 
of articles in the accessory flagellum of antenna 
1, which is two in Protocrangonyx and three in 
Kruptus, the lack of calceoli on antenna 2 in 
Protocrangonyx , the proportion of article 1 of 
the mandibular palp, which is approximately 
as long as wide in Protocrangonyx but markedly 
longer than wide in Kruptus, the proportion of 
the carpus of gnathopod 2, which is short in 
Protocrangonyx, but long in Kruptus, and the type 
of posterior setae on pereopods 3 and 4, which 
are long in Protocrangonyx and short in Kruptus. 
Kruptus also shares some characteristics with 
neonipargids such as Wesniphargus, namely 
possessing rugosities on the gnathopods, but 
also in having three articles in the accessory 
flagellum of antenna 1, possessing calceoli on 
antenna 2 in the male, having short pleopodal 
rami with few articles, and possessing short 
posterior setae on article 2 of pereopods 3 and 
4. It also shares traits with Giniphargus in having 
small, nearly transverse gnathopods, and the 
carpus of gnathopod 2 elongate and lacking in 
lobes, however, Kruptus can be distinguished 
from Wesniphargus by the accessory flagellum 
of antenna 1, which has three articles, the 
relatively longer flagellum of antenna 2, the 
lack of a coxal gill on pereopod 7, the small and 
nearly transverse shape of the gnathopods and 
relatively long carpus of gnathopod 2, the lack of 
a cleft in the telson, the small bud-shaped sternal 
gills, and the long first article of the mandibular 
palp, and from Giniphargus by its less vermiform 
body, and lack of the second article on the 
outer ramus of uropod 3, which is present and 
markedly long In Giniphargus. 

Etymology 

The genus name comes from the Greek word for 
'hidden' (kruptos), to highlight its subterranean 
distribution and to indicate the presence of 
cryptic characters belonging to other groups of 
amphipods. The species name is in recognition 
of the 300 th anniversary of the birth of Carl 
Linnaeus. 


Kruptus linnaei sp. nov. 

Figures 4-7 

Material examined 

Hototype 

Australia: Western Australia: 6 (2.4 mm), Pilbara 
region, Spear hole Creek, bore GM069, 23°16’57”S, 
119°ir20"E, October 2001, T. Finston, G. Humphreys, 
M.S. Johnson (WAM C40037, 2 slides). 


Allotype 

Australia: Western Australia : 9 (2.0 mm), 
Pilbara region, Spearhole Creek, bore GM019, 
23°16’55' , S, n9 o lF20”E, October 2001, T. Finston, 
G. Humphreys, M.S. Johnson (WAM C40034, 2 
slides). 

Paratypes 

Australia: Western Australia : 3 specimens, 
Pilbara region, Spearhole Creek, bore GM019, 
23°16'55"S, 119°11'37' , E (WAM C40034); 2 specimens, 
Spearhole Creek, bore GM039, 23°16’57"S, 
119°11'48"E (WAM C40035); 1 specimen, Spearhole 
Creek, bore GM049, 23°16'50"S, 119°12 , 23' , E (WAM 
C40036); 7 specimens, Spearhole Creek, bore 
GM069, 23°16'57’’S, 119°11'20”E (WAM C40037); 
2 specimens, Spearhole Creek, bore GM118, 
23°16'53”S, 119°12 f 6 M E (WAM C40038, WAM 
C40039). 

Description 

Male (WAM C40037) 

Head : sinus shallow; antenna 1 having 11 articles 
on left and 12 on right, peduncle longest article, 
asthetascs present on articles 3-11. Accessory 
flagellum short, of three articles, extending to 
middle of article 2 of the flagellum. Articles 1 
and 3 of the accessory flagellum are markedly 
short, article 2 being markedly long, about 4x 
greater than article 3. Antenna 2 of six articles 
on left and five articles on right, possessing long, 
feather-shaped calceoli on articles 1-4, plus one 
calceolus on the peduncle. Right mandible: palp 
with three articles, article 2 longest. Article 1 
nude; article 2 with small protuberance or notch 
on ventral surface, followed by two setae; article 3 
with four setae on ventral margin, and two setae 
apically. One seta originates on dorsal surface, 
nearly apically. Incisor with five teeth; lacinia a 
flat, lightly serrated plate with a small thumb-like 
projection and an underlying flat plate with a 
serrated edge. Molar raised, with a flat grinding 
surface and one long seta, setal row of very 
short setae. Two serrated setae arise from base of 
lacinia. Left mandible: missing. Right maxilla 1: 
Palp with two articles; article 2 with one apical 
robust seta plus three very short, blunt projections 
and one long seta. Inner plate with ten bifid robust 
setae, some serrate. Outer plate short, conical, 
about Vi the length of the inner plate, and with 
two plumose setae and fine short setae on outer 
margin. Left maxilla 1: Palp with two articles; 
article 2 with three apical robust setae and one 
long seta. Inner plate with ten bifid robust setae, 
some serrate. Outer plate short, about Vi length of 
inner plate, conical, and with two apical plumose 
setae. Right maxilla 2: Inner and outer plates 
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Figure 7 


Kruptus llnnaci sp. nov., holotype, appendages: pereopod 3 (P3), pereopod 7 {IV), pleopod 3 (PL3) and 
enlargement of epimera (EP). Scale lines = 200 pm. 


both long, thin, sausage-like. Outer plate with 
eight long setae, outer margin with few, fine short 
setae. Inner plate with seven apical setae, inner 
margin with many fine setae along full length, 
surface also sparsely covered with fine setae. Left 
maxilla 2: Inner and outer plates both long, very 
thin, sausage-like. Inner plate approximately 5/6 
the length of outer plate. Outer plate with fine 
setae on outer margin and nine apical setae, some 
curved at tip. Inner plate with two plumose apical 
setae; inner margin with many fine setae. Right 
maxilliped: palp of four articles. Article 1 with 
a single seta on inner surface near the base of 
article 2. Article 2 with ten setae on inner margin. 


Article 3 with three setae on inner margin, near 
base of dactyl; dactyl with one short seta on inner 
margin, near base of claw. Outer plate with long, 
fine setae on outer margin and eight apical broad, 
flat, setae and one apical seta. Inner plate with six 
robust setae at apex plus one sub- marginal seta 
that originates at the approximate midpoint. Left 
maxilliped: palp with four articles. Article 1 with 
single seta, sub-apical, at inner corner near base of 
article 2; article 2 with It setae in a row on inner 
margin; article 3 with a single apical seta on outer 
corner and three on inner margin at base of article 
4. Outer plate bulbous, with seven fine setae on 
outer margin and one apical seta; inner margin 
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with six broad, curved robust setae. Inner plate 
with four apical setae, three fine, sub-marginal 
setae on outer margin and inner margin with 
three setae. Upper lip: relatively symmetrical, with 
two patches of dense short setae at apex corners. 
Lower lip: outer lobes with short setae at apices; 
inner lobes weakly developed, asymmetrical, 
nearly absent on right side and covered with short 
setae. Body : subvermiform in shape; coxae 2-4 
displaced from their corresponding pereonites; 
coxa 4 not excavate. Cuticle relatively smooth with 
little setation. Coxal gills present on coxae 3-7; 
sternal gills present on pereonites 2-7, increasing 
in size posteriorly. Gnathopod 1; prodopus nearly 
mittenform, palm slightly oblique, convex, and 
with four sub-marginal setae in a row at base of 
palm, ending in one robust seta. Carpus short, 
about l A length of prodopus, and with four sub- 
marginal setae. Merus with one marginal seta and 
small rugose patch on ventral surface. Ischium 
with short seta near base. Basis with one seta 
near base. Coxa extended anteriorly with two 
setae on anterior margin. Gnathopod 2: prodopus 
mittenform, slightly smaller than gnathopod 1, 
palm nearly transverse, with four setae at corner. 
Base of dactyl with one seta; prodopus with one 
long seta on dorsal margin, near base of dactyl, 
and three setal rows on surface of prodopus, 
two on medial surface, each with two setae and 
one near ventral margin, composed of five setae. 
Carpus extended, approximately equal in length 
to prodopus and bearing two setal rows, the 
anterior with four and the posterior with three 
setae. Merus with one seta and small rugose 
patch on ventral surface, and one seta on medial 
surface. Ischium with one seta and small rugose 
patch on ventral surface. Basis with one seta 
near apical corner and one long seta on posterior 
margin. Coxa expanded anteriorly, and with two 
anterior setae. Pereopods 3-4: with sparse, short 
setation (one to two setae per article) on posterior 
margin, merus of each slightly lobate anteriorally, 
dactyls with single short seta. Pereopods 5-7: with 
three to four robust setae at base of each article, 
dactyls with single seta; pereopod 7 longest. 
Pleopods 1-3: peduncle with one retinacula and 
one accessory retinacula, rami with three to 
four articles. Uropod 1: Peduncle with two long 
setae on dorsal margin near apex; rami relatively 
short; inner ramus equal in length to peduncle 
and outer ramus approximately 0.9 x the length 
of the peduncle, both rami terminating in two 
short and one long setae. Inner ramus also with 
one long sub-apical seta. Uropod 2: peduncle 
with three short robust setae, one sub-marginal 
about halfway along outer margin, and two sub- 
apically, one on inner margin near base of inner 
ramus and one medially. Inner and outer rami 
dearly shorter than peduncle, both terminating 


in three apical and one sub-apical seta. Inner 
ramus 0.85 x the length of the peduncle, outer 
ramus approximately 0.65 x the length of the 
peduncle. Uropod 3: outer ramus 2.0 x the length 
of peduncle, peduncle bearing one robust seta at 
outer distal corner. Outer ramus with one robust 
seta on outer margin, and one long seta on inner 
margin, and terminating in two apical robust 
setae and one short and two long apical setae; 
distal article of uropod 3 absent. Inner ramus 
leaf-shaped, 1.15 x the length of peduncle, tip is 
recurved, with one tiny seta at sub-apex. Telson: 
entire, with one apical seta at each corner. 

Female (WAM C40034) 

Similar to male except in the following 
characteristics: 

Head: antenna 1 having ten articles on both left 
and right, with asthetascs on articles 5-9. Antenna 
2 having five articles on both left and right and 
bearing no calceoli. Right mandible; article 2 long, 
rectangular, lacking notch on ventral surface; 
margin straight with one long seta; article 3 
with three setae near margin on inner and outer 
surfaces, and one long seta and two short setae 
apically. Left mandible: palp with three articles; 
article 2 longest. Article 1 with one marginal seta, 
medially, and one short seta sub-apically, near 
base of article 2. Article 2 with two setae on the 
dorsal surface and with two setal rows on inner 
margin, the distal row containing four setae and 
the proximal row containing three setae. Article 3 
with two rows of two setae on the dorsal surface 
and with a setal row on inner margin containing 
three setae, and three apical and three sub-apical 
setae. Incisor with five teeth; lacinia a flat plate 
with five teeth. Molar raised with a flat grinding 
surface and one short seta, and a setal row of very 
short setae. Three serrate setae arise from base 
of lacinia, plus one plumose seta. Right maxilla 
1: Article 2 of palp with five apical robust setae, 
article 1 nude. Left maxilla 1: Article 2 with four 
apical setae of similar length, and one sub-apical, 
sub-marginal seta. Right maxilliped: peduncle 
with long seta instead of a robust seta. Left 
maxilliped: peduncle with long seta instead of a 
robust seta. Gnathopod 1: prodopus with three 
sub-marginal setae in row near base of palm, 
merus with three marginal setae. Gnathopod 2: 
distinctly smaller than gnathopod 1; prodopus 
lacking dorsal setae on margin, ischium lacking 
rugose patch. Uropod 1: lacking two long setae 
on peduncle; instead with three short setae on 
each side dorsally, plus one very large, robust seta 
sub-apically near base of outer ramus. Uropod 2: 
peduncle with a single robust seta sub-apically 
near base of inner ramus. Uropod 3: peduncle 
nude, outer ramus with two setae on inner margin 
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and terminating in three robust setae and one 
long seta. 

Character variation 

The number of articles in the flagella of 
antennae 1 and 2 varies from 10-11 and 5-6, 
respectively among individuals, and sometimes 
between left and right of the same individual. 
The prod op us and carpus of the gnathopods 
are slightly lobate post-ventrally in some 
individuals, and the degree of lobateness of 
the merus of pereopods 3 and 4 differs among 
individuals. The angle of the palm of gnathopod 
1 varies among individuals from slightly oblique 
to moderately oblique. Setation differs on the 
peduncle and rami of the uropods and on the 
articles of gnathopods 1 and 2, as well as on the 
mouthparts. Most differences occur as changes 
in the number of setae, however, changes in 
the structure of the setae sometimes occur, 
particularly on the peduncle of uropod 1 and the 
maxillipeds. 
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A new species of the genus Candonopsis (Crustacea, Ostracoda) 
from Western Australia 


Ivana Karanovic 

University of Tasmania, School of Zoology, Private Bag 5, Hobart, Tasmania 7001, Australia 


Abstract - A new species of stygobiont ostracod, Candonopsis {Abcandonopsis) 
Inmaei sp. nov., is described from subterranean waters of the Murchison region 
in Western Australia. The new species can be easily distinguished from other 
representatives of the genus by 6-segmented antennula and incompletely 
divided penultimate segment of the walking leg. A kev to the representatives 
of the genus Candonopsis in Australia is also provided. 

Key words: Abcandonopsis , Candonopsini, taxonomy, stygobiont Ostracods, 
key to species 


INTRODUCTION 

The genus Candonopsis Vavra 1891 was recently 
revised by Karanovic (2004), who synonymizeci 
three species and brought the total number 
to 24. Karanovic (2007) described another 
three new species from subterranean waters 
of the Pilbara region in Western Australia. The 
genus is currently divided into two subgenera: 
Candonopsis s. sir. and Abcandonopsis Karanovic 
2004 (see Karanovic 2004). The nominotypical 
subgenus has the following five species in 
Australia: Candonopsis (C.) tenuis (Brady 1886), C. 
(C). murchisoni Karanovic and Marmonier 2002, 
C. (CJ dani Karanovic and Marmonier 2002, 
C. (C4 kituberleyi Karanovic and Marmonier 
2002 and C. (C.) westaustraliensis Karanovic and 
Marmonier 2002. The first species was reported 
from New South Wales (Brady 1886; Sars 1896) 
and Western Australia (Karanovic 2007; Karanovic 
and Marmonier 2002), and I have also found it in 
a sample from Queensland (unpublished data). 
Candonopsis tenuis is also reported from Sumatra 
(Klie 1932). Candanopsis murchisoni , C. dani and C. 
westaustraliensis were described and only known 
from the Murchison region, while C. kimberleyi is 
endemic to the Kimberley region. The subgenus 
Abcandonopsis also has six species in Australia: 
C. (A.) williami Karanovic and Marmonier 
2002, C. (A.) aula Karanovic 2004, C. (A.) indoles 
Karanovic 2004, C. (A.) dedeckkeri Karanovic 
2007, C. (Ad) inaffecta Karanovic 2007 and C. (A.) 
pdbarae Karanovic 2007. The first species, which is 
the type species of the subgenus, was described 
from the Murchison region in Western Australia. 
The following two species were described from 
the Kimberley, while the last three species were 


reported from the Pilbara region. Except for C. (C.) 
tenuis , which can be found in springs as well as in 
subterranean waters, all the other species of the 
genus Candonopsis in Australia are stygobionts. 
In the present paper, one other species of the 
subgenus Abcandonopsis collected from boreholes 
in the Murchison region is described. 

The genus Candonopsis has its greatest diversity 
in the southern hemisphere. In the northern 
hemisphere the genus is generally regarded as a 
Tertiary relict (Danielopol 1980a), with six species 
mainly living in the underground waters of Europe 
(Karanovic and Marmonier 2002). While the 
subgenus Abcandonopsis is endemic to Australia, the 
nominotypical subgenus is distributed in Central 
America, Africa, India, Sumatra, java, Solomon 
Islands and Australia (Karanovic 2004), where 
the species live predominantly in surface waters. 
However, almost all of the species have a restricted 
distribution. This is also the case with other genera 
of the tribe Candonopsini, to which Candonopsis 
belongs. Cubacandona Broodbakker 1983 and 
Caribecandona Broodbakker 1983 are known 
from Cuba and West Indies (Broodbakker 1983; 
Danielopol 1980a), Marococandona Marmonier, 
Boulal and Idbennacer 2005 from Morocco 
and Pioneercandonopsis Karanovic 2005a from 
Queensland. I have another new genus, with at 
least six species from New South Wales, which 
is awaiting description (Karanovic, unpublished 
data). With the addition of the new species 
described here, the genus Candonopsis presently 
has 12 living species in Australia, the majority of 
them being short-range endemics in the Murchison 
and Pilbara regions. Therefore, Australia may be 
considered to be the center of biodiversity for the 
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genus Candonopsis, and maybe even for the entire 
tribe Candonopsini. 

MATERIAL AND METHODS 

Samples were taken from bores using plankton 
net of suitable diameter (47 pm, 97 pm, 147 pm, 
or 197 pm) to match the bore. The net, with a 
weighted McCartney vial attached, was lowered 
to the base of the bore and then agitated up and 
down couple of times to disturb the bottom. 
Entire samples were preserved in 100% ethanol. 

Specimens were dissected and mounted on 
microscope slides in Faure's medium, which was 
prepared following the procedure of Stock and 
Vaupel Klein (1996), and dissected appendages 
were then covered with a coverslip. All drawings 
were prepared using a drawing tube attached to 
a Leica DMLS bright-field compound microscope 
with C-PLAN achromatic objectives. Specimens 
that were not drawn were examined in a mixture 
of equal parts of distilled water and glycerol and, 
after examination, were again preserved in 70% 
ethanol. All examined material is deposited in the 
Western Australian Museum (WAM). 

Terminology of A1 follows Karanovic (2005b). 
Martens (1987) revised the terminology for A2 
given originally by Broodbakker and Danielopol 
(1982). The present paper follows Martens (1987) 
except that the short claw on the male terminal 
segment is considered to be homologous with the 
female GM claw, while the long one is homologous 
with the female Gm claw. This is because GM 
claw is situated internally, while Gm is inserted 
externally. The terminology for the Md follows 
Broodbakker and Danielopol (1982), and for the T3 
Meisch (1996). Lobes on the hemipenis are labeled 
according to Danielopol (1969). 

SYSTEMATICS 

Family Candonidae Kaufmann 1900 

Subfamily Candoninae Kaufmann 1900 

Tribe Candonopsini Karanovic 2004 

Genus Candonopsis Vavra 1891 

Subgenus Candonopsis ( Abcandonopsis ) 
Karanovic 2004 

Candonopsis (Abcandonopsis) linnaei sp. nov. 

Figures 1-3 

Material examined 

Holotype 

Australia: Western Australia : d, Murchison 
region. Lake Way, bore NLV 16, 26°50'4"S, 
120 19'3S"F, 19 July 2007, collected by staff from 
Outback Ecology (Perth) (WAM C35715, dissected 
on one slide) [ecological data: water depth = 3.7 m; 


pH = 7.8; Salinity 5.9 ppt; Electrical Conductivity 
= 10.48 mS/cm; t = 23.7° C; Dissolved Oxygen = 
7.03 ppm.] 

Para type 

Australia: Western Australia: 1 6, collected 
with holotype (WAM C35716, in alcohol). 

Other material 

Australia: Western Australia : 1 9 , Murchison 
region, Lake Way, bore NVCT0612, 26°50 , 46 ,, S, 
120°21'47"E, 17 July 2007, collected by staff 
from Outback Ecology (Perth) (WAM C35717, 
dissected on one slide) [ecological data: water 
depth = 1 m; pH = 7.55; Electrical Conductivity 
» 65.70 mS/cm; t = 21.9°C; Dissolved Oxygen = 
7.43 ppm]; 1 9, (WAM C35718, dissected on one 
slide), Murchison region. Lake Way, bore NLW18, 
26°49'17"S, 120°19'41"E, 19 August ^2007, collected 
by staff from Outback Ecology (Perth) [ecological 
data: water depth = 4.5 m; pH = 7.4; salinity = 
60.50 ppt; Electrical Conductivity = 85.40 mS/ 
cm; t = 25° C; Dissolved Oxygen = 5.28 ppm]; 1 9, 
3 disintegrated 6 and 3 disintegrated juveniles 
(WAM C35719, in alcohol). 

Diagnosis 

Valves asymmetrical. Left valve larger than 
right valve, anterior and ventral margin connected 
at almost right angle. Antennula 6-segmented. 
Walking leg without basal seta; cleaning leg 
without Tf seta. Both claws on caudal ramus well 
developed, hemipenis with triangular lobe "a", 
genital field rounded. 

Description 

Male (holotype) 

Length of carapace 0.66 mm. Greatest height 
around middle, equaling 50% of total length. 
Carapace asymmetrical (Figure IB) with left valve 
overlapping right valve on all free margins. Left 
valve with anterior and ventral margin connected 
at almost right angle, while same margin rounded 
on right valve. Dorsal margin on both valves 
straight in the middle, rounded towards posterior 
end, and inclined towards anterior (Figure 1A). 
Ventral margin concave in the middle. Marginal 
pore canals very short, straight, and more dense 
anteriorly. Inner calcified lamella broad, equaling 
25% of total length anteriorly and 20% posteriorly. 
Surface of carapace smooth with sparse setae. 

Antennula (Figure 2C, D): 6-segmented. First 
segment representing fused coxa and basis. 
Exopod reduced to two setae (Exl and Ex2). 
Both setae on coxobasis present (CB1 and CB2). 
Endopod 5-segmented. First, fourth, fifth and 
sixth segments free; second and third segments 
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Figure 1 (., nndoimptsis linmwi sp. nov., A, B, I), I -, holotvpe male; C, female (0.63 mm): A, left valve, internal view; 

B, carapace, lateral view from the right side; C, carapace, lateral view from the left side; D, hemipenis; ! . 
mandibular palp. Scale lines = 0.1 mm. 
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Figure 2 Catuionapsis limiaei sp. nov., holotype male: A, caudal ramus; B, cleaning leg; C, antennula; D, terminal 
segment of antennula; E, walking leg; F, antenna. Scale lines = 0.1 mm. 
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fused. First segment with one anterior seta ("a") 
which pappose and overpassing distal margin of 
fused second and third segments. Fused segments 
with one anterior seta "a", extending beyond 
distal margin of penultimate segment, and 
posterior seta "d" extending beyond distal margin 
of following segment. Fourth endopodal segment 
with two long anterior setae ("a" and "b") and one 
short posterior seta "d" which extending beyond 
distal margin of fifth segment. Fifth segment with 
both anterior setae and posterior setae present. 
Posterior setae short, anterior ones long. Terminal 
segment with posterior seta 2.9 times longer than 
same segment, two long setae, and aesthetasc va, 
which eight times longer than terminal segment. 
Length ratio of endopodal segments equaling F5 
: 2.3 : 1,15 ; 1 ; 1. 

Antenna (Figure 2F): exopod consisting of a 
plate with two short and one long seta. Second 
endopodal segment subdivided and with two 
male bristles (t2 and t3 setae) present. Seta zl 
short only slightly overpassing terminal segment, 
seta z2 transformed into long claw, which 1.8 
times longer than first endopodal segment. C law 
G2 as long as z2; claws Cl and G3 reduced; 
first one about two times longer than terminal 
segment, latter transformed into seta and only 
slightly shorter than G2. Claw GM on terminal 
segment reduced and about as long as terminal 
segment, claw Gm well developed and 1.6 times 
longer than first endopodal segment. Aesthetasc 
Y 0.6 times as long as first endopodal segment, y3 
approximately as long as same segment. Length 
ratios of endopodal segments equaling 4.4 : 1.8 : 
1.4. 

Mnndibula (Figure IE): exopod with numerous 
short rays. Basal segment with both "S" setae well 
developed and pappose and with short alpha seta. 
Following segment with two outer setae, reaching 
middle of following segment, and 3+2 setae in 
inner bunch. Three setae pappose and long, beta 
seta and other short seta plumped. Penultimate 
segment with two outer setae not reaching middle 
of terminal segment, one distal seta and one 
inner distal seta which almost reaching middle 
of terminal claw. Terminal segment elongated 4.5 
times longer than wide. Terminal daw fused with 
segment and accompanied with two thin setae on 
each side, subequallv long and reaching middle of 
terminal claw. 

Maxillula (Figure 3F): palp with four pappose 
setae on penultimate segment. Same segment 
wide and with distal row of small setae. Terminal 
segment with three daws and one seta. 

Prehensile palps (Figure 3D, E): palps 

asymmetrical, right palp plumper than left one. 
Right palp with second subapical structure 
present, hut much shorter than the left one. Left 


palp elongated with only one subapical structure 
observed. Same palp dorsally with one chitinous 
extension. 

Walking leg (Figure 2E): basal segment without 
any seta. First endopodal segment with one 
distal seta. Second and third endopodal segment 
partially fused with no medial setae present. 
Distal seta short. Terminal segment with two 
short setae and one claw which 1.5 times longer 
than three distal segments combined. Length 
ratios of three endopodal segments 5.5 : 4.3 : I. 

Cleaning leg (Figure 2B): basal segment with all 
three setae present. Seta Te on first endopodal 
segment present, as well as seta Fg, while Tf seta 
on second endopodal segment absent. Terminal 
segment with two long (Th2 and Th3) setae and 
one short seta (Thl). Length ratio of three setae 1 : 
1.6 : 2 . 

Caudal ramus (Figure 2D): posterior seta absent, 
anterior seta present and about 2.5 times shorter 
than anterior claw. Both daws without prominent 
spines, only gently serrated. Length ratios 
between anterior margin, anterior claw and 
posterior daw equaling 1.8 : 1 : 1. 

Hemipenis (Figure ID): lobe "a" triangular and 
medially positioned, with pointed distal margin, 
lobe "b" rounded. Internal canals with double 
coils. Lobe "g" prominent and wounded. 

Female. Length of carapace 0.63 mm. Greatest 
height 50% of length (Figure 1C). Carapace 
appearance similar to male, except for small 
convex part around mouth region, and slightly 
more setae on carapace surface. 

Antenna (Figure 3A): setae zl and z2 present, 
seta z3 absent. All terminal daws long, Gl, G2 and 
G3 2.2 times longer than first endopodal segment. 
Claw GM on terminal segment also long and 1.9 
times longer than first endopodal segment. Only 
one "t" seta observed. 

First thoracopod (Figure 3C): three setae on 
exopod, only one "a" seta present. 

Caudal ramus and genital field (Figure 3B): Length 
ratios between anterior margin, anterior and 
posterior claw equaling 1.85 : 1 : T Genital field 
rounded and without any protrusion. 

Antennula, maxillula, mandibula, walking and 
cleaning legs same as in male. 

Remarks and affinities 

The new species can be easily distinguished 
from the remaining species of the Candonopsis 
species by the 6-segmented antennula and 
incompletely divided penultimate segment of the 
walking leg. The absence of a seta on the basal 
segment of the walking leg places Candonopsis 
hnuaei within the subgenus Abcandonopsis 
Karanovic 2004. Almost all of the species of this 
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Figure 3 Candonopsis linnaei sp. nov., A-C, female (0.63 mm); D-F, holotype male: A, antenna; B, caudal ramus with 
genital field; C, first thoracopod; D, right prehensile palp; E, left prehensile palp; F, maxillular palp. Scale lines 
= 0.1 mm. 
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subgenus lack the Tf seta on the penultimate 
segment of the walking leg, except for C. (A.) 
pilbarae Karanovic 2007. The latter species and two 
species from the Pilbara region, C. (A.) dedeckkeri 
Karanovic 2007, and C. (A.) inaffecta Karanovic 
2007, have ornamented surface of the carapace, 
while it is smooth in the new species. A smooth 
carapace is also a characteristic of another species 
from the Murchison region, C. (A.) williami 
Karanovic and Marmonier 2002, as well as of both 
species from the Kimberly region: C. (A.) aula 
Karanovic 2004 and C. (A.) indoles Karanovic 2004. 
These three species, as well as the new one, have 
pronouncedly asymmetrical valves (left one being 
considerably larger than the right one), while in 
the species from the Pilbara this is not the case. 
In addition to the 6-segmented antennula and 
undivided penultimate segment on the walking 
leg, C. (A.) I in fiae i differs from C. (A.) williami , C. 
(A.) indoles , and C. (A.) aula also by the presence of 
the d2 seta on the basal segment of the cleaning 
leg. Candonopsis aula has only one claw on the 
caudal ramus. 

Etymology 

The species name is dedicated to Carolus 
Linnaeus in celebration of the tercentenary of his 
birth in 1707 and the 250 th anniversary of Systcma 
Naturae. 

Key to Australian Candonopsis species 

1. Basal segment of walking leg without seta.2 

Basal segment of walking leg with one seta.8 

2. Antenula 6-segmented. 

. Candonopsis (A.) linnaei sp. nov. 

Antennula 7-segmented.3 

3. Caudal ramus with only one claw^. 

.. Candonopsis (A.) aula Karanovic 2004 

Caudal ramus with two claws.4 

4. Seta y 'd2" on basal segment of cleaning leg 

absent.5 

- Seta '412" on basal segment of cleaning leg 

present.7 

5. Carapace ornamented ventrally, and the 

greatest height in front of the middle. 

. Candonopsis (A.) inaffecta Karanovic 2007 

Carapace smooth and greatest height around 
the middle or behind...6 

6. Dorsal margin of the carapace straight, lobe 

"a" on the hemipenis rounded, second and 
third endopodal segments of the cleaning leg 

incompletely divided. 

. Candonopsis (A.) indoles Karanovic 2004 

Dorsal margin of the carapace rounded, 


lobe "a" of the hemipenis pointed distally, 
second and third endopodal segments on the 

cleaning leg completely divided. 

. Candonopsis (A.) 

williami Karanovic and Marmonier 2002 

7. Seta Tf on the cleaning leg absent. 

. Candonopsis (A.) dedeckkeri Karanovic 2007 

Seta Tf on the cleaning leg present. 

. Candonopsis (A.) pilbarae Karanovic 2007 

8. Posterior claw on the caudal ramus reduced. 

...Candonopsis (C.) westaustraliensis Karanovic 
and Marmonier 2002 

Posterior cll.W on the caudal ramus normally 
developed.9 

9. Carapace heavily ornamented with shallow but 

well expressed pits. 

. Candonopsis (C.) 

kimberleyi Karanovic and Marmonier 2002 
Carapace not heavily ornamented.10 

10. Valves asymmetrical, dorsal]v right valve 

overlaps left one -With a flange.11 

Valves symmetrical, no flange on the right 

valve developed. 

. Candonopsis (C.) tenuis (Brady 1886) 

11. Claw f s on the caudal ramus subequal, or 

anterior one slightly longer than posterior. 

. Candonopsis (C.) 

murchisoni Karanovic and Marmonier 2002 
Anterior claw on the caudal ramus at least 1.4 

times longer than posterior one. 

. Candonopsis (C.) 

dani Karanovic and Marmonier 2002 

DISCUSSION 

The tribe Candonopsini today comprises 38 
valid Recent species, classified into five genera 
and one subgenus. The most diversified is 
the genus Candonopsis with 28 living species, 
followed by Citbacandona Broodbakker 1983, with 
four species, Caribecandona Broodbakker 1983, 
With three species, Marococandona Marmonier, 
Boulal and Idbennacer 2005, with two species, 
and Pioneercandonopsis Karanovic 2005a, with 
only one species. The last three genera are 
stygobionts while Cubaeandona and Candonopsis 
have both subterranean and surface water 
species (see Karanovic 2004). Among the 
Candonopsini genera, fossilized species are 
known onl\ for Candonopsis, and it is considered 
that the earliest fossils date back to the Miocene 
(Danielopol 1980b). Partly because the fossil 
sediments of Eurasia are better investigated, data 
regarding the fossil Candonopsis mostly relate 
to this area (see Jan/ 1992; Krstic 2006). Fossils 
of lacustrine sediments in Australia are very 
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poorly known, and not a single fossil species 
of the genus Candonopsis or any of the genera 
of the tribe Candonopsini has been described 
from this continent. According to the present 
day ecological preferences of the species and 
the zoogeography of the genus, it may be that 
further research of lacustrine sediments in 
Australia may reveal some of the ancestors of 
the present day Candonopsini fauna. With the 
exception of C. tenuis, all the other Australian 
species of the genus are stygobionts. They may 
have started to colonize subterranean waters 
from the above-ground freshwater during the 
Miocene and Pliocene aridity (Frakes 1999). 
Most of the species have several morphological 
reductions, as a consequence of adaptation to 
the subterranean environment, and this is more 
pronounced in the subgenus Abcandonopsis 
Karanovic 2004 than in the nominotypical one. 
The morphological reductions are evident more 
so in the other four Candonopsini genera. For 
example, Pioneercandonopsis hancocki Karanovic 
2007 has a 5-segmented antennula as well as one 
of the species of the genus Marococandona and 
all Caribecandona, in which the caudal ramus 
has only one claw. Karanovic (2005a) performed 
a cladistic analysis of the tribe Candonopsini, 
including all 32 species known at the time. The 
results clearly cluster the genus Pioneercandonopsis 
from Queensland with the South American 
genera, Caribecandona and Cubacandona, and 
not with the Australian Candonopsini. One, 
still undescribed, genus from northern New 
South Wales is also more closely related to the 
South American genera and the genus from 
Queensland than to the rest of Candonopsini 
from Western Australia, Africa and Europe. 
However, discussions on the zoogeography 
of the Australian subterranean ostracods, and 
other stygobiont invertebrates, will have to 
wait for more thorough investigations on these 
ecosystems in Australia. The gap in knowledge 
of the stygofauna of Australia (but also of Africa 
and South America) is not only a problem for 
biogeographical and evolutionary reconstruction, 
but also for groundwater management. This 
problem is emphasized especially in Australia, 
where mining processes often involve using 
water and lowering the water table, or completely 
dewatering calcrete bodies, for the purpose of 
further mineral explorations (Eberhard et al. 
2004). 
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Abstract - A new species of the freshwater apseudomorph tanaidacean 
genus Pseudohalmyrapseudes is described from Dadeleang Cave in Sulawesi: 
Pseudohalmyrapseudes linnaei. The range of morphological differences between 
the three known species of the genus is tabulated. Allopatric speciation 
between taxa inevitably isolated owing to their freshwater habitat is discussed, 
as are the links with the closely-related genus Halmyrapseudes. 


INTRODUCTION 

Freshwater tanaidaceans are rare (see Larsen 
and Hansknecht 2004, for a brief review of the 
relevant literature). The most widely recorded 
is the pantropical-subtropical tanaid Sinelobus 
Stanford} (Richardson 1901), a euryokous species 
recorded from estuaries, from reduced salinities 
in mangrove systems, and in fully freshwater 
habitats, including at an altitude of 823 m [sic] 
on St Helena (Monod 1977; see also Stephen sen 
1936; Gardiner 1975). A further freshwater 
tanaidomorph, recorded only once, is the 
nototanaid Androtanais beebei (Van Name 1925), 
found in a catfish stomach in British Guiana 
(Van Name 1925). Some other estuarine species 
may extend into freshwater temporarily, most 
notably the leptocheliid Heterotanais oerstedi 
(Kroyer 1842), which has been recorded from sites 
where salinities drop as low as 0%<> at low tide or 
seasonally. 

Apseudomorph tanaidaceans from reduced 
salinity waters are also rare. The genus 
Halmyrapseudes Bacescu and Gutu 1974 is 
known from seven species, all from brackish 
waters (as low as 10%o where salinity was 
recorded: see Bamber et al. 2002). The only 
genus of apseudomorph tanaidacean recorded 
from freshwater habitats is the closely-related 
Pseudohalmyrapseudes , erected by Larsen 
and Hansknecht (2004) for their new species 
P. aquadulcis from a freshwater spring in Northern 
Territory, Australia (near Darwin), and to which 
they moved Apseudes mitssauensis Shiino 1965; P. 
mussauensis was recorded from a "brackish" lake 
on Mussau Island, Bismarck Archipelago (Shiino 
1965). 

in 2007, during sampling of Gua Dadeleang, a 
very muddy cave in Sulawesi, Indonesia, 8.7 km 
from the coast, nine specimens of a distinct, third 
species of Pseudohalmyrapseudes were collected. 


Dadeleang Cave (referred to as Gua Deddelean 1 
- SL1 in the report by Brouquisse 2002) comprises 
a main gallery about 50 m in length, with a mud 
floor, down the centre of which runs a small 
stream, one of the sources of the Sungai Salenrang 
on the western border of the Maros massif. There 
is a shallow pool outside the cave entrance held 
back by a small concrete dam. The gallery extends 
until a siphon is reached and within the gallery 
the stream widens into larger pools at intervals. 
There is a narrow, flooded gallery parallel to the 
main gallery. The tanaidaceans were collected in 
this parallel gallery. The new species is described 
below. 

MATERIAL AND METHODS 

Specimens were collected from the cave by 
Damia Jaume (IM.EDEA, Mallorca, Spain) using a 
fine-mesh hand net and by capturing individuals 
from the surface water film on the mud using a 
paint brush. Material was examined using a Wild 
M3Z Kombistereo microscope and a Reichert 
Zetoplan compound microscope; drawings were 
made using a camera lucida. Measurements are 
axial, measured in dorsal aspect for the body, in 
lateral aspect for the appendages. Morphological 
terminology is as in Bamber and Sheader (2005), 
including the use of the term "segments" for 
serially repetitive body parts, notably those of the 
antennular and antennal flagella and uropod rami 
which are without independent musculature. The 
type material has been lodged at the Museum 
Zoologicum Bogoriense (MZB) and the Natural 
History Museum, London (NHM). 

SYSTEMATICS 

Suborder Apseudomorpha Sieg 1980 
Superfamily Apseudoidea Leach 1814 
Family Parapseudidae Gutu 1981 
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Genus Pseudohalmyrapseudes Larsen and 
Hansknecht 2004 

Type species 

Pseudohalmyrapseudes aquadulcis Larsen and 
Hansknecht 2004, by original designation. 

Pseudohalmyrapseudes linnaei sp. nov. 

Figures 1-3 

Material examined 

Holotype 

Indonesia: Sulawesi: 9 with oostegites, Gua 
Dadeleang, Kab. Pangkajene: co-ordinates of cave 
entrance: 4°55’33"S, 119 0 36’36”E, 6 September 2007, 
D. Jaume (MZB.Cru 1686). 

ParatypKS 

Indonesia: Sulawesi: 1 subadult 6 (MZB.Cru 
1687), 3 9 (MZB.Cru 1688), 3 $ (NHM.2007.964- 
966), 1 9 with oostegites, dissected, same sample 
as holotype. 

Description 

Female 

Body (Figure 1A) elongate, poorly calcified, 
transparent in preserved material; holotype 
5.8 mm long (tip of rostrum to posterior 
of pleotelson), nine times as long as wide. 
Cephalothorax slightly narrower anteriorly, as 
long as wide, with smoothly rounded rostrum; 
single lateral seta behind each ocular lobe, longer 
simple lateral seta anterior to each branchial 
chamber. Eye lobes present, rounded, eyes present 
as group of brown-pigmented ocelli. Epistome 
absent. Six free pereonites; pereonite 1 half as 
long as cephalon, pereonite 2 just shorter than 
pereonite 1, both with convex lateral margins; 
pereonites 3 to 5 subequal, 1.4 times as long as 
pereonite 1, with midlateral indentation giving a 
bilobed outline; pereonite 6 as long as pereonite 
1, with bilobed outline (all pereonites respectively 
1.9, 1.6, 1.15, 1.15, 1.0 and 1.4 times as wide as 
long). All pereonites with sparse anterolateral 
and posterolateral simple setae. Pleon one third 
length of body, with five free subequal pleonites 
bearing pleopods; each pleonite about half as long 
as pereonite 6 and three times as wide as long, 
laterally extended into pointed epimera bearing 5 
to 8 plumose setae, dorsally with sparse plumose 
setae. Pleotelson subrectangular, 0.7 times as long 
as all five pleonites together, 1.7 times as long as 
wide, with plumose lateral and dorsal setae. 

Antennule (Figure IB) proximal peduncle article 
3.5 times as long as wide, with simple setae on 
inner and outer margins and penicillate setae in 
proximal half of outer margin; second peduncle 


article 0.4 times as long as first, some distal outer 
setae longer than article; third article half as 
long as second, with shorter inner and longer 
outer distal setae; fourth article 0.4 times as long 
as third, naked. Main flagellum of nine poorly 
distinguished segments, accessory flagellum of 
five segments. 

Antenna (Figure 1C) proximal peduncle article 
bearing rounded inner apophysis almost reaching 
distal margin of second article, with five outer 
setae; second article just shorter than first, 
bearing slender squama with three distal setae, 
smaller inner distal seta and longer seta at base 
of squama; third peduncle article one-third as 
long as second, with long inner distal seta; fourth 
and fifth articles as long as second, almost fused. 
Flagellum of four segments. 

Labrum rounded, sparsely setose. Left mandible 
(Figure IE) with four cusps on pars incisiva, 
four cusps on narrow lacinia mobilis, setiferous 
lobe with six compound setae, pars molaris 
round, blunt, with marginal setules; palp of 
three articles, proximal article with three long 
inner setae, second article longest, half as long 
as whole palp, with ten inner setae largely in 
two rows; third article with six progressively 
longer setae in distal half, distal setae longer than 
article. Right mandible as left but without lacinia 
mobilis, proximal palp article with four setae. 
Labium (Figure ID) angular, outer marginal finely 
denticulate, inner margin setose, palp marginally 
setose and with single distal spine. Maxillule 
(Figure IF) inner endite with four setose distal 
setae and outer apophysis, outer endite with 11 
distal spines and setose margins; palp of two 
articles, distally with five simple setae. Maxilla 
damaged in preparation, with rostral row of 3 
simple setae, fixed endite with trifurcate, simple 
and bifurcate setal groups. Maxilliped (Figure 
II) basis with three inner distal setae reaching 
distal margin of second palp article, outer distal 
corner finely denticulate; proximal palp article 
with simple outer strong seta, inner margin with 
single distal seta reaching distal margin of second 
palp article; second article with one strong distal 
seta on outer margin, inner margin with two 
rows of ten curved shorter setae, ventral row of 
four longer simple setae; third article with one 
distal and eight inner marginal simple setae; 
distal article with five simple inner-marginal 
and distal setae; endite (Figure 1H) with simple, 
slender caudo-distal seta, simple distal spines, 
three coupling-hooks. Epignath (Figure 1G) large, 
rounded, setose inner lobe conspicuous, distal 
spine setose. 

Cheliped (Figure 2A) with compact basis 
twice as long as wide, with long midventral seta 
exceeding distal tip of basis, five ventrodistal 
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Figure 1 IPeudolmhm/rapseudcs Unnaet sp. nov., A, holotype, dorsal; B, antennule; C, antenna; D,, labium; F, left mandible; 

F, maxillule; G, epignath; H, maxilliped endite; 1, maxilliped. Scale line = 1.5 mm lor A, 0.4 mm tor B and C, 
0.2 mm tor D to I. 


setae; exopodite of three articles, distal article 
with four plumose setae. Met us subrectanguiar, 
vent rally with groups of three proximal and 
three distal setae, dorsally with single simple 
seta. Carpus elongate, 2.9 times as long as wide, 
with seven ventral marginal setae, outer mesial 
row of 14 simple setae, inner mesial row' of eight 
simple setae. Propodus compact, setose as figured, 
fixed finger with four ventral setae, saw-like row 


of small, marginally spinulose teeth on. cutting 
edge; moveable finger (dactylus), curved; unguis 
exceeding distal spine of fixed finger. 

Pereopod 1 (Figure 2B) with stout basis 2.5 times 
as long as wide, dorsal margin bearing two small 
setae, ventral margin with three simple setae, 
ventrodistal tuft of five simple setae; exopod ite of 
three articles, distal article with six plumose setae. 
Ischium short, with two ventrodistal setae. Micros 
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0.4 times as long as basis, dorsally with subdistal 
pair of longer, distally-tapering setae, distal tuft 
of three setae; ventral margin with numerous 
distally-tapering setae and ventrodistal spine. 
Carpus subequal in length to merus, numerous 
distally-tapering marginal spines dorsally and 
vent rally, one dorsodistal spine and two ventral 
spines. Propod us shorter than carpus, with three 
ventral and two dorsal spines, interspersed by 
distally-tapering setae. Dactylus curved, 0.3 


times as long as propodus, with fine ventral 
denticulations and ventrodistal seta, unguis short, 
half as long as dactylus. All marginal spines with 
finely setulose tips. 

Pereopod 2 (Figure 2C) basis compact, 2.6 times 
as long as wide, with five dorsal and three ventral 
marginal setae, and four simple ventrodistal setae; 
ischium with three ventrodistal setae. Merus, 
carpus and propodus bearing distally-tapering 
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Figure 3 



Pb,eui1ohahm/nip$euites linnaei sp. now. A, pereopod 3; B.. pereopod 4; C, pereopod 5, D; pereopod 6; I , uropod. 
Scale line = 0.3 mm. 


setae. Merus 0.7 times as long as carpus, with 
slender ventrodistal spine; carpus with midventral 
and Ventrodistal slender spines; propocius 
1.2 times as long as carpus, with dorsodistal, 
midventral and ventrodistal slender spines; 
dactvlus and unguis slender, together 0.8 times as 
long as propocius, dactylus with fine ventrodistal 
seta. Pereopod 3 (Figure 3A) similar to pereopod 
2, but with fewer setae on basis, merus 0.6 times 
as long as carpus. 


Pereopod 4 (Figure 3B) basis with single 
dorsal marginal seta, midventral penieillate 
seta; carpus twice as long as merus, with distal 
crown of numerous tapering setae and slender 
spines; propocius with five denticulate distal 
spines; dactylus plus unguis 0.4 times as long as 
propocius, 0.4 times as long as dactylus plus claw 
of pereopods 3 or 5. 

Pereopod 5 (Figure 3C) similar to pereopod 3, 
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P, aquadulcis; 3 - P. linnaei. 

but basis sparsely setose. Pereopod 6 (Figure 3D) 
basis with six plumose dorsal setae, eight ventral 
marginal setae each plumose over its proximal 
half, and four distally-tapering ventrodistal setae; 
ischium dorsally naked; merus with six dorsal 
plumose setae, six ventral distally-tapering setae; 
carpus with eight dorsal plumose setae, small 
ventrodistal spine; propodus with proximal 
ventral slender spine, marginal row of 22 
compound leaf-like spines, dactylus and unguis 
as pereopod 3. 

Pleopod (Figure 2D) biramous, basis with three 
dorsal plumose setae, ventral margin naked; 
exopod longer than endopod, outer proximal seta 
with trifurcate tip; endopod with single proximal 
outer seta; all setae plumose. 

Uropod (Figure 3E) biramous, basis with 
two outer and one long inner distal plumose 
setae; endopod longer than basis, of one short 
and three longer segments; exopod showing 
poor segmentation, of perhaps nine or ten 
segments, longer than pleotelson and pleonite five 
combined. 

Subadult male 2.8 mm long, similar to female, 
with penial tubercle ventrally on pereonite 6. 
Para type females 5.7 (female with oostegites), 4.8, 
4.7, 4.3, 4.0, 4.0 and 3.9 mm long. 


Etymology 

This species is named in honour of Carolus 
Linneaus, in commemoration of the tercentenary 
of his birth and the 250th anniversary of the 
publication of the 10th edition of Systema Naturae. 

Remarks 

The three species of Pseudohalmyrapseudes are 
very similar to each other. Larsen and Hansknecht 
(2004) listed a number of differences between 
P. mussauensis and PPaquadulcis, which are 
expanded upon herein, although distinctions of 
the male are not feasible for the present species 
as the male of P. linnaei was not mature. The 
conspicuous difference between the three species 
is the shape of the inner apophysis of the proximal 
antennal peduncle article, that of P. mussauensis 
being triangular, exceeding the distal margin of the 
second peduncle article, and with outer and distal 
marginal setae; the apophysis of P. aquadulcis is 
rectangular, not quite reaching the distal margin 
of the second peduncle article, with distal setae 
on the straight apex; the apophysis of P. linnaei is 
rounded, again not quite reaching the distal margin 
of the second peduncle article, with setae evenly 
dispersed around the outer margin. The third 
antennal article is much shorter proportionately in 
P. linnaei , although it may have been present but 
unobserved in P. aquadulcis, otherwise it is difficult 
to interpret the inevitable five peduncle articles. 
The poor articulation between articles 4 and 5 of 
the antenna in P. linnaei, in contrast with the clear 
articulation in the other species, was present in all 
specimens (as was also the case for the antennule 
main flagellum and uropod endopod). The 
conformation of the epignath appears to be quite 
distinct between the three species, that of P. linnaei 
being almost circular, that of P. mussauensis being 
oval, while that of P. aquadulcis is unusually 
elongate, and without setae on either the inner lobe 
or the distal spine. Finally, P. linnaei has plumose 
pleonite setae restricted to the lateral epimera, 
while there are almost none on the dorsal surface 
of the pleotelson, while in both of the other species 
these setae extend onto the dorsal surfaces of the 
pleonites and are numerous on the dorsal surface 
of the pleotelson. 

A range of other differences between the 
three species is shown in Table 1. Pseudohalmyr- 
apseudes aquadulcis is distinct from the other two 
species in having 4 segments in the antennule 
accessory flagellum (5 in the other two), only two 
setae on the proximal article of the mandibular 
palp (3 or 4 in the other two), apparently no 
distal spine on the labial palp (1 in P. linnaei, 2 in 
P. mussauensis), only 4 plumose setae on the exopod 
of pereopod 1 (6 in the other two), a plumose seta 
on the ischium of pereopod 6 (none in the other 
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Table 1 Distinctions between the three described species of tSeudohahm/mpseurfes. 



P. tinnaei 

P. aquadulcis 

P. mussauensis 

Pleotelson length v pleonites 1-5 length 

0.7 x 

>0.75 

<0.6 

Antennule accessory flagellum, female 

5 segments 

4 segments 

5 segments 

Antenna apophysis on proximal article 

Round, setae 
evenly marginal 

Rectangular, setae 
distal on straight apex 

Triangular, setae 
evenly marginal 

Maxilliped basis outer-distal corner 

Denticulate 

Denticulate 

Smooth 

Maxilliped basis distal setae 

3 

3 

2 

Dactylus + unguis pereopod 4 

0.4 x length of those 
of P3 and P5 

0.4 x length of those 
of P3 and P5 

> 0.5 length of those 
of P3 and P5 

Cephalothorax length: width 

1.0 

1.1 

1.2 

Mandible palp, setae on proximal article 

3 or 4 

2 

3 

Labial palp distal spines 

1 

0 

2 

Epignath 

Round; setose 

Elongate; naked 

Oval; setose 

Pereopod 1, distal exopod article setae 

6 

4 

6 

Pereopod 1 dactylus 

Denticulate 

Not denticulate 

Denticulate 

Pereopod 6, ischium plumose setae 

0 

1 

0 

Pleopod endopod outer margin 

1 proximal seta 

Naked 

Naked 

Uropod basis plumose setae 

3 

1 

5 


two), no denticulation on the dactylus of pereopod 
1 (denticulate in the other two) and only one 
plumose distal seta on the uropod basis (3 or more 
in the other two species). Larsen and Hansknecht 
(2004) describe only nine distal spines on the outer 
endite of the maxillule, but this is likely to be a 
miscount, both of the other species having 11. 

As well as the dorsal pi eon setation, and 
an ten nule and epignath features, P. Unmei differs 
from P. mussnuensis in having a denticulate 
outer-distal corner to the maxilliped basis 
(smooth in P. mussnuensis ), three distal setae on 
the maxilliped basis (2), one distal spine on the 
labial palp (2), and a proximal seta on the pleopod 
endopod outer margin (naked in both of the other 
species). P. mussnuensis has a proport innately 
shorter pleotelson, and a proportionately longer 
cephalothorax. I believe that the short proximal 
segment of the uropod exopod of P. mussnuensis 
was missed by Shiino (1965), and thus it too was 
of four segments, as in the other two species. 

DISCUSSION 

This group of closely-related species shows 
inevitable reproductive isolation, owing to 
its restriction to sites of freshwater habitat 
separated by extensive areas of fully-marine 
sea-water, which would be expected to lead to 
genetic drift and allopatric speciation. A range 
of subtle if consistent distinctions in a generally 
conservative morphology is thus not surprising as 
an expression of this evolution. 

The genus remains distributed around the 
Australasian region (Figure 4), P. linnnei from 


southwestern Sulawesi, off the Flores Sea, 
P. nqundulcis further south from near Darwin, 
Australia, off the Timor Sea, and P. mussnuensis 
further east from Mussau Island in the northern 
Melanesian waters of the Bismarck Archipelago. 
It is to be expected that further species may be 
present isolated on other islands of this region. 

The closely-related genus Halmympseudes shows 
a different zoogeography (Bamher et id. 2002), 
three of the known species being found in the 
Caribbean and Gulf of Mexico, the other four 
occurring around the Indian Ocean. Soemodinoto 
et nl. (1995) recorded large numbers of a species 
attributed to H. killnii/ensis Balasubrahmanyan 
1959 from an estuary in Java, although that 
material has been lost (A. Soemodinoto, pers. 
comm.): rediscovery of this taxon would be 
valuable as a putative link between these two 
genera. The tanaidacean fauna of the Indonesian 
region is conspicuously understudied. 

ACKNOWLEDGEMENTS 

Thanks are due to Damia Jaume (IMIDI A) for 
collecting the material. Sampling in Sulawesi was 
conducted during an international expedition, 
Zoological Investigntimis in the Knrsts of South 
and Southeast Sulawesi, organized bv Dr Louis 
lie ha r yen g of the Museum national d'Histoire 
naturelle, Paris in collaboration with Dr Yayuk 
Su hard jo no and Cahvo Rah mad i of the Lembaga 
limit Pengethuan Indonesia (I I PI - the Indonesian 
Institute of Sciences). The expedition operated 
under research permits granted bv LI PI. The 
specimens were gathered during fieldwork carried 
out by the aquatic team of Damia Jaume, Geoff 















428 


R.N. Bamber 


Boxshall (NHM) and Daisy Wowor (Museum 
Zoologicum Bogoriense). The support of the 
fieldwork by the Percy Sladen Memorial Fund 
(administered by the Linnean Society of London) 
is gratefully acknowledged. 

REFERENCES 

Bacescu, M. and Gutu, M. (1974). Halmyrapseudes 
cubanensis n.g.n.sp. and H. bahamensis n.sp., brackish 
water species of Tanaidacea (Crustacea). Travail.x 
du Museum d'Histolre naturelle "Grigore Antipa" 15: 
91-101. 

Bamber, R.N., Ariyananda, T. and Silva, E.I.L. (2002). 
The male of Halmyrapseudes srihmkaensis (Bacescu, 
1981) comb. nov. and an analysis of the genus 
Halmyrapseudes Bacescu and Gutu, 1974 (Peracarida, 
Tanaidacea). Journal of Crustacean Biology 22: 287-297. 
Bamber, R. N. and Sheader, M. (2005). Apseudomorph 
Tanaidacea (Crustacea: Malacostraca: Peracarida) 
from shallow waters off Sabah, Malaysia. Systematic 
and Biodiversity 2: 281-303. 

Brouquisse, F. (2002). Expedition Maros 99 - Rapport 
speleologique. Association Pyreneenne de Speleologie, 
Toulouse. 39 pp. 

Gardiner, L. F. (1975). A fresh- and brackish-water 
tanaidacean, Tanais stanfordi Richardson, 1901, from a 
hypersaline lake in the Galapagos Archipelago, with a 
report on West Indian specimens. Crustaceana 29 (2): 
127-140. 

Gutu, M. (1981). A new contribution to the systematics 
and phylogeny of the suborder Monokonophora 
(Crustacea, Tanaidacea). Travaux du Museum National 
d' Histoire Naturelle "Grigore Antipa" 23: 81-108. 
Kroyer, FI. (1842). Nye Arter af Slaegten Tanais. 
Naturhistorishe Tiddskrift 4: 167-188. 


Larsen, K. and Hansknecht, T. (2004). A new genus and 
species of freshwater tanaidacean, Pseudohalmyra- 
pseudes aquadukis (Apseudomorpha: Parapseudidae), 
from Northern Territory, Australia. Journal of 
Crustacean Biology 24: 567-575. 

Leach, W.E. (1814). Crustaceology. In: Brewster, D., The 
Edinburgh Encyclopaedia : 383-437. Edinburgh. 

Monod, T. (1977). La faune terrestre de File de Sainte- 
Helene. Quatrieme partie. 5. Tanaidacea. Annates du 
Mus.ee Royal de VAfrique Centrals, Tervuren, Belgique 
Annates. Serie in 8°. Sciences Zoologiques 220: 457-465. 

Richardson, FI. (1901). Papers from the Hopkins Stanford 
Galapagos Expedition, 1898-1899. VI. The isopods. 
Proceedings of the Washington Academy of Sciences 3: 
565-568. L 

Shiino, S. M. (1965). Tanaidacea from the Bismarck 
Archipelago. Videnskabelige Meddeleiser fra Dansk 
Naturhistorisk Forening i Kjobenhavn 128: 177-203. 

Sieg, J. (1980). Sind die Dikonophora eine polyphyl- 
etische Gruppe? Zoologischer Anzieger 205: 401-416. 

Soemodinoto, A., Oey, B. L. and Ibkar-Kramadibrata, H. 
(1995). Effect of salinity decline on macrozoobenthos 
community of Cibeureum river estuary, Java, 
Indonesia. Indian Journal of Marine Sciences 24: 62-67. 

Stephensen, K. (1936). A tanaid (Tanais stanfordi 
Richardson) found in freshwater in the Kurile Islands, 
with taxonomic remarks on the genus Tanais sensu 
lat. (Tanais Audouin et Milne-Edwards 1829, and 
Anatanais Nordenstam 1930). Annotationes Zoologicae 
Japonenses 15 (3): 361-373. 

Van Name, W. G. (1925). The isopods of Kartabo Bartica 
District, British Guiana. Zoologica (New York) 6: 461- 
503. 


Manuscript received 1 April 2008; accepted 6 May 2008. 












DOI: 10.18195/issn.0312-3162.24(4).2008.429-436 

Records of the Western Australian Museum 24: 429-436 (2008). 


Gunawardenea, a new genus of squat leafhoppers from 
Western Australia, with description of two new species 
(Hemiptera: Cicadellidae: Deltocephalinae) 
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Abstract - The new genus Gunaivardenea gen. nov. is described for two 
leafhopper species from the arid zone of Western Australia, G. limmei sp. nov. 
from Barrow Island and G, pulchra sp. nov, from the Gibson Desert and Lorna 
Glen Station. The genus is placed in the deltocephaline tribe Athysanini. Given 
the lack of functional wings for both species within the genus and the current 
restricted distributions for each species, both are likely to be short-range 
endemics. 


INTRODUCTION 

Recent surveys of Barrow Island, off the north¬ 
western coast of Western Australia, have revealed 
a number of novel forms of Auchenorrhyncha. 
A new species of Idiocerinae from the island, 
Zaletta ivebbi Fletcher 2007, was published by 
Fletcher (2007) and a new Euacanthella Evans 1938, 
by Fletcher (2008). New taxa of Eurybrachidae 
have been recognised by Jerome Constant (J. 
Constant, pers. comm. 2007) and the island 
also has undescribed species of AlleJopIasis 
Waterhouse 1839 (Tropiduchidae: Gaetuliini), 
Lipocallia Kirkaldy 1906, and BilbiliettUia Jacobi 
1928 (Nogodinidae: Lipocalliini), Caliscelidae 
and Athysanini (Cicadellidae: Deltocephalinae) 
(Fletcher, unpublished data). All may be restricted 
to the island which, at approximately 230 km 2 
qualifies within the 10,000 km 2 definition for a 
short-range endemic species (Harvey 2002). A new 
genus is described herein with two species, one 
from Barrow Island and the other from within 
and near the Gibson Desert, Western Australia. 
The genus is placed in the tribe Athysanini. 

MATERIALS AND METHODS 

The specimens examined here were collected 
in wet pitfall traps or vacuum/suction samples, 
subsequently removed from any solutions 
and pinned. Male genitalia were dissected for 
examination and description. Specimens were 
examined under I fit/ TS microscope, and images 
were photographed through a Zeiss Stemi SV8 
microscope, using an Agfa ePhoto 1680 digital 
camera. Illustrations were prepared using 


Photoshop!R) from pencil originals scanned with 
HP ScanJet 7400G scanner using the technique 
described in Fletcher (2008). 

The following abbreviations have been used in 
this paper: ASCU, NSW Agricultural Scientific 
Collections Unit, Orange, New South Wales; 
WAM, Western Australian Museum, Perth, 
Western Australia. The list of abbreviations given 
after the site number of Barrow Island localities 
provides information on collection details. "AIR" 
indicates that the site was near the island's airport, 
"DHC" means diurnal hand collecting and "SUC" 
means collected by suction sampler. In addition, 
"R2" means that this sample was part of the 
second survey undertaken on the island and "Ai." 
means that all samples collected at this site were 
pooled. Sites 52 and 109 have Triodia wiseana 
with leaf litter from Triodia and Acacia , and site 63 
has Triodia atigitsta, again with litter from Triodia 
and Acacia (S. Callan, pers. comm. 2007). 

The site number for the Gibson Desert locality 
provides information on collection details. Site 
11A in the Gibson Desert was dominated by 
mulga (Acacia aneura) woodland over spinifex 
(Triodia shinzii and T, basedowii) grasslands burnt 
more than 40 years previously (B. Ward, pers. 
comm. 2008). Similarly the dominant vegetation 
at Lorna Glen Station, Bullimore land system 
site 4 consisted of mulga woodlands with an 
understorey of spinifex (T. basedowii) (Owen 
2004). Specimens from these localities have been 
donated from the private collection of the second 
author. 
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SYSTEMATICS 

Family Cicadellidae Latreille 1825 
Subfamily Deltocephalinae Dallas 1870 
Tribe Athysanini Van Duzee 1892 
Gunawardenea gen. nov. 

Type species 

Gunawardenea linnaei sp. nov. 

Description 

Short, squat, brachypterous leafhoppers. Face 
evenly convex with anteclypeus widening 
towards apex. Frontoclypeus ovate, encroaching 
onto dorsum of head with ocelli small, situated 
dorsally on internal side of laterofrontal sutures, 
separated from each eye by three or four ocellar 
diameters. Vertex approximately as wide as 
a single eye. Vertex transversely wrinkled 
between ocelli but otherwise smooth. Pronotum 
clearly wider than head across eyes, very 
short, obscurely transversely wrinkled, lacking 
postocular transverse carina. Scutellum shagreen. 
Tegmen very short, quadrate, venation indicated 
by dark brown pigmentation. Hind wings absent. 
Fore tibia with four macrosetae in outer row and 
single subapical macroseta on inner margin. Fore 
femur with ventral row of six short macrosetae 
on basal half and outer row of six macrosetae on 
apical half, with an additional subapical pair plus 
2 subapical dorsal macrosetae. Mid tibia with 
4 + 3 macrosetae on outer margins. Hind tibia 
with 9-10 large macrosetae on anterior margin 
with intercalary row of short macrosetae and 7-8 
large macrosetae on external margin alternating 
with 1-2 shorter macrosetae. Hind femoral setal 
formula 2+2+1. Male genitalia: pygofer incurved 
posteriorly so that lateral margins meet medially. 
Anal segment short, surrounded by pygofer, 
with anterior margins slightly sclerotised and 
extending ventrally on either side of aedeagus. 
Subgenital plates free, short. Paramere narrow, 
apically bluntly rounded or acute. Connective 
thin, Y-shaped with long stalk and short arms. 
Aedeagus long, mounted at angle to connective, 
folded at midlength and articulating laterally 
with ventral extensions of anal segment. Female: 
Pygofer tubular, tapering towards apex, with 
strong setae along ventral margin and around 
apex. First valvulae finely longitudinally 
strigate on upper half, second valvulae robust, 
upper margin dark sclerotised with two dorsal 
prominences on basal half, evenly toothed over 
apical half, with reticulate sculpturing distally. 

Etymology 

The generic name, which is feminine, is derived 
from Nihara Gunawardene (Curtin University, 


WA), who collected the type specimen of C. 
pulchra sp. nov. thereby bringing this genus to our 
attention. 

Remarks 

The genus Gunawardenea is placed in the tribe 
Athysanini of the Deltocephalinae on the basis of 
the Y-shaped connective and the structure of the 
head. It is differentiated from other Athysanini 
genera by the lack of hind wings, reduced 
forewings and the structure of the male genitalia, 
in particular the ventral extensions of the anal 
segment associated with the aedeagus and the 
medially angled aedeagus. The short vertex of 
even length throughout and bearing transverse 
dark markings and the narrow width of the 
head relative to the width of the pronotum are 
also distinctive features. Other brachypterous 
Australian leafhoppers such as species of 
Horouta Knight 1975 (tribe Deltocephalini) and 
Goniagnathus Fieber 1866 (Goniagnathini) can be 
differentiated from Gunawardenea on the basis of 
the male genitalia and in the width of the head. 
Species of Goniagnathus have the subgenital plates 
united to form a single plate while Horouta species 
all have a distinctive aedeagus structure with the 
shaft extending posteriorly before curved dorsally 
and bearing one or two pairs of basal processes. 
Also, species of Horouta and Goniagnathus all have 
the head as wide as the pronotum and the vertex 
distinctly longer in the midline than against the 
eyes. 

Gunawardenea linnaei sp. nov. 

Figures 1-3, 8-13 
Material examined 

Holotype 

Australia: Western Australia: 3 , Barrow Island, 
20°52'0rS, 115°24'19"E, 24 April 2005, S. Callan 
"site 52 (R2 AIR SUC AL)" (WAM Entomology 
Registration No. 71139). 

Para types 

Australia: Western Australia: 1 3, same data as 
holotype (ASCU); 1 3 , same data as holotype but 
"site 109 (R2 AIR DHC AL)" (ASCU); 1 3 , Barrow 
Island, 20°47'38”S, 115°27'24"E, 17 May 2005, S. 
Callan "site 63 (R2 017 SUC AL) (ASCU); 1 3 , same 
data (WAM Entomology Registration No. 71141). 

Diagnosis 

Gunawardenea linnaei differs from G. pulchra by 
the structures of the male genitalia and by the 
markings on the vertex and Irons. G. pulchra has 
two transverse bands on the vertex, the anterior 
being interrupted medially, and a series of 
transverse black bands on either side of the frons 
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Figures 1-3 Gunawardenea linnaei sp, nov., male paratype from Site 52:1, habitus; 2, dorsum; 3, face. Scale line = 1 mm. 


while in G. linnaei the bands on the vertex are 
more obscure with the anterior markings linked 
by a broadly V-shaped band on the upper part of 
the frons, this marking absent from G. pulchra. 

Description 

Total length : male (Figure 1) (n=3) 2.65-2.95 mm 
(mean=2.82 mm); female unknown. 

Colour: Ventrally pale brown with scattered dark 
markings. Face (Figure 3) light brown with darker 
markings on anteclypeus and frontoclypeus and 
a broad V-shaped black band submarginally and 
extending dorsally to level with ocelli. Vertex 
(Figure 2) pale brown with anterior dark marks 
and a pair of obscure black spots medially on 
posterior half. Pronotum (Figure 2) pale brown 
with transverse darker markings on anterior half. 
Tegmen (Figure 1) whitish with chocolate brown 
veins. Legs pale brown, apically dark brown with 


subapical dark brown spot on femur and dark 
brown spots along tibia. Abdomen pale brown 
with transverse dark brown line on each side 
of midline which is marked with broad brown 
longitudinal mark forming interrupted median 
line along abdomen. Pregenital segment longer 
than preceding segments, with extensive area on 
either side of genital capsule pale brown with 
large dark brown spot on either side. Genital 
capsule light brown with similar dark brown spot 
on either side facing posteriorly. 

Male genitalia: Pygofer (Figure 8) wrapped 
around anal segment with lateral margins 
contiguous posteriorly, broadly rounded with 
convex protrusion ventrally near base against 
which subgenital plates rest. Apical lobes 
with group of short macrosetae and 4-5 stout 
macrosetae in curved row from base of anal 
segment towards ventral protrusion. Subgenital 
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Figures 4-7 Gunawardenea pulchra sp. nov., holotype: 4, habitus; 5, dorsum; 6, face; 7, female paratype, habitus. Scale 
line = 1 mm. 
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Figures 8-13 Gummmrdcnca liuuaet sp. nov.: 8, pygofer; 9, pregenital sternite and subgenital plates; 10, paramere; 11, 
connective; 12, aedeagus and connective, lateral view with anal segment; 13, aedeagus, apical section, 
posterior view. 


plates (Figure 9) short, obliquely truncate, apical 
margin lined with evenly spaced hair-setae. 
Para meres (Figure 10) narrow with longish apical 
process apically rounded, lateral shoulder well 
developed. Connective (Figure 11) simple with 
very short lateral arms and long stem. Aedeagus 
(Figures 12-13) in two sections angled at about 90 
degrees to each other. Basal section articulated 
with connective at base then broadening to lateral 
knob on each side before narrowing to connection 
with apical section, which is straight, lateral 
triangular prominence on basal third, and apex 
recurved to form apical hook. Gonopore apical. 
Base of anal segment extending nearly to base of 
apical aedeagal section on each side (Figure 12). 

Etymology 

This species is named in honour of Carolus 
Linnaeus to mark the 250 ,h anniversary of the Id' 


edition of his Systema Naturae (Linnaeus 1758) 
in which binomials were introduced for animal 
species. 

Gunawardenea pulchra sp. nov. 

Figures 5-7, 14-19 
Material examined 

Holotype 

Australia: Western Australia : d, Gibson Desert, 
site 11 A, 24 : '42'36"S, 124TG02"K, August 2002, N. 
Gunawardene, pitfall trap (WAM Entomologv 
Registration No. 71140). 

Para types 

Australia: Western Australia: 1 cl, Bu Hi more 
land system, site 4, Lorn.a Glen Station, 26 < T2 , 46"S, 
121°06'32"E, March-May 2004, M.t. Moir, pitfall 
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Figures 14-19 Gunaumrdenea pulchra, sp. nov.: 14, pygofer; 15, subgenital plates with indication of margin of seventh 
sternite; 16, paramere; 17, apical section of connective; 18, aedeagus and connective, lateral view; 19, 
aedeagus, posterior view. 


trap (ASCU); 1 9 , same data (WAM Entomology 
Registration No. 71142). 

Diagnosis 

Gunawardenea pulchra differs from G. Hnnaei by 
the shape of the aedeagus and the markings on 
the vertex and frons (see notes under G. linnaei). 

Description 

Total length: male (Figure 5) (n=2) 2.9 mm; female 
(Figure 7) (n=l) 3.8 mm. 

Colour: Face (Figure 6) pale yellow brown with 
sutures and muscle impressions finely marked in 
black or dark brown. Vertex (Figure 5) with two 
broad transverse bands not reaching eye on either 
side and linked in midline. Pronotum (Figure 
5) pale brown with irregular dark markings on 
anterior half, greyish brown posteriorly. Tegmen 
(Figures 5 and 7) yellow brown, whitish towards 


costal margin, with veins marked with dark 
brown except for costal veins which are reddish. 
Venter grayish brown, darker laterally. Legs pale 
brown with dark brown spots on tibia, tarsi dark 
brown. Inner margin of hind tibia dark brown 
throughout. Abdomen yellow brown with dark 
transverse barring laterally and single elongate 
dot in midline of each segment. 

Male genitalia: Seventh segment elongated, 
extending posteriorly to cover most of anal 
segment, pygofer and subgenital plates. Pygofer 
(Figure 14) rounded posteriorly, inrolled, bearing 
single large setae at midlength towards dorsal 
margin and small stubby seta close to dorsal 
margin just beyond level of anal segment. 
Subgenital plates (Figure 15) rounded, medially 
concave, lacking setae, small dimples on apex 
exposed beyond seventh segment. Parameres 
(Figure 16) elongate, narrow, with lateral shoulder 
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not well developed, apical ly bluntly acute. 
Connective (Figures 17 and 18) thin, bent twice 
in lateral view, articulated with base of aedeagus 
at acute angle (Figure 18), lateral arms very short 
(Figure 17). Aedeagus (Figures 18 and 19) with 
basal section narrow in lateral view (Figure 18) 
with tubular apical section mounted at greater 
than right angle to basal section. In posteroventral 
view (Figure 19), basal section widens gradually 
towards apex, lateral margins extending well 
beyond medial section to form two finely curved 
linear processes on either side beyond base of 
apical section which is tubular to apical gonopore. 

Etymology 

The specific name pulchra (L. = "beautiful") 
reflects the delicate colouration of these insects. 

DISCUSSION 

The two species of this genus appear restricted 
to arid habitats and all specimens were collected 
in locations dominated by spinifex ( Triodia spp.) 
grasslands over sand plains. Although G. pulchra 
specimens were collected over 250 km apart, the 
dominant vegetation was similar at both sites: 
spinifex grasslands with mulga overstoreys, 
Gmwunmienca Unrnei was also collected in spinifex 
grasslands, with Acacia and spinifex dominating 
the leaf litter. 

Superficial similarities between these species 
and other arid zone Deltocephalinae, including 
Goniagnathus (Tribe Goniagnathini) (Fletcher and 
Zahniser 2008) and Armm Knight 1975 (Tribe 
Athysanini) (Knight 1975) implies that short and 
squat shape, often with brachyptery, may be 
morphological adaptations associated with drier 
areas. Presumably a more spherical shape reduces 
the surface to volume ratio thereby reducing the 
area in direct contact with the environment. 

The occurrence of brachypterous insects in 
harsh desert environments raises questions about 
how these species survive extended periods 
of dry conditions when plant material mav be 
difficult to find or access. It is possible that they 
are capable of surviving for long periods as eggs 
in a dormant state until conditions are suitable 
for emergence and breeding. Of note here, 
above average rainfall occurred in the Gibson 
Desert the year before the collection of the G. 
pulchra holotype (B. Ward, pers. comm. 2008). 
In arid areas, dormancy of certain insects until 
particularly good conditions occur may explain 
why species such as Occiplanocephalus ravus 
Evans 1942 (Deltocephalinae: Deltocephalini) are 
rarely collected. Day and Fletcher (1994) note that 
R.E. Turner collected in inland areas of Western 
Australia in 1936 after some of the heaviest 
rainfall ever recorded in the region. Turner 


collected the only known specimens of O. ravus 
(one male, one female in BMNFI) and the reason 
he was able to collect such interesting material 
may have been because the rain event enabled the 
local plants to flower and dormant herbivorous 
life forms to emerge for breeding. 

The apparently restricted distributions of these 
arid zone species indicates that they may warrant 
recognition as short-range endemic species and 
their response to disturbance requires further 
study to ensure that current land management 
programs are suitable for each species' survival. 
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Abstract - Eremocurgus liwutei sp. now is described from Western Australia. 
The female of this new species is brachypterous, a unique feature within 
Eremocurgus 11,nipt and rare within the Australian pompilid fauna. The fully- 
winged male is the first recorded for the genus. The diversity of Eremocurgus, 
its distribution and brachyptery among the Pompilidae are discussed. 


INTRODUCTION 

The Australian pompilid fauna is particularly 
diverse (Austin cl al. 2004) and displays a 
high level of endemism. However, although 
the first Pompilidae for the continent were 
described by Fabricius in 1775, the group is 
generally poorly known for Australia, and 
it is likely that significantly less than half 
the fauna has been described. Further, the 
group is taxonomically difficult because of the 
morphological conservatism among numerous 
genera, in addition to the often extreme sexual 
dimorphism and complex mimicry associations 
seen in many species (e.g. Evans 1968, 1982; Harris 
1987; Day 1988). Elliott (2007) lists 258 pompilid 
species for the Australian region of which the 
majority have been described from the eastern 
parts of the continent. Despite comprising one- 
third of the continent's landmass, Western 
Australian Pompilidae have been little studied. 
Only 18% of all pompilid species (47 of 258 
species) are described from Western Australia, 
while for the subfamily Pepsinae only 12% (11 
of 91 species) have type localities in that region 
(data from Elliott 2007). Of the four recognised 
subfamilies (Pitts et a!. 2006; Elliott 2007), the 
Pepsi nae comprise the least known Australian 
genera, many of which are monotvpic or contain 
only few species. Several, of these genera have 
not been revised since their original description 
(Elliott 2007), as is the case for Eremocurgus Haupt 
which is currently known from two species from 
south-eastern Anstra 1 ia. 

Here we describe a remarkable new species of the 
Australian endemic genus Eremocurgus from Western 
Australia, and thus record the first brachypterous 


female and the first male of the genus. At the same 
time, we present an overview of the diversity and 
distribution of the genus, and discuss the occurrence 
of brachyptery within the Australian Pompilidae. 

TERMINOLOGY AND METHODS 

Terms for morphological structures follow Day 
(1988) and Goulet and Huber (1993). Specimens 
were borrowed from and/or are deposited in the 
following: collections (acronyms used throughout 
the text): Australian Museum, Sydney, Australia 
(AM); Australian National Insect Collection, 
CSIRO, Canberra, Australia (ANIC); California 
Academy of Sciences, San Fransisco, U.S.A. 
(CAS); The Natural History Museum, London, 
England (NHM); Museum Victoria, Melbourne, 
Australia (NMV); State Museum of Natural 
History Stuttgart, Germany (SMNS); Western 
Australian Museum, Perth, Australia (WAM); 
Waite Insect and Nematode Collection, University 
of Adelaide, Australia (WINC). 

Images of the specimens were taken with a 
Leica DXM 1200 digital camera attached to a Leica 
MZ 16 APO microscope and processed using 
Auto-Mo n t a ge (Sv n c rose o p v) s o f t w a re. 

SYSTEMATICS 

Family Pompilidae Latreille 1805 
Eremocurgus Haupt 1937 

Eremocurgus Haupt 1937: 127, 133. 

Type species 

Prioaiemis ephippiahi Smith 1868, by original 
designation. 
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Diagnosis 

Both sexes with fore-wings spotted or bifasciate, 
propodeu m with relatively weakly defined 
declivity. Female with tooth-like scales (=Haupt's 
'Schuppendornen') developed at bases of hind 
tibial spines. Male subgenital plate medially with 
distinct posteriorly-directed spine. 

Remarks 

In his work on Australian Pepsi nee, Haupt 
(1937) described nine new genera (including 
six genera with males unknown to him) in 
which he accommodated just 18 species. Two 
of these species were placed by Haupt (1937) in 
Eremocurgus : £. ephippiatus (Smith 1868) and E. 
pictipennis (Smith, 1855). In recent years it has 
become apparent that Eremocurgus and other 
pepsine genera putatively related to it require 
extensive reinterpretation to recognise more 
natural groups, and this will likely involve 
synonymy of some genera and an expansion of the 
limits of Eremocurgus. Such a study is currently 
being undertaken by the authors as part of a 
larger generic revision of Australian Pomplilidae, 
and the description of the present species makes a 
small contribution in this respect. The diagnosis 
of Eremocurgus sensu Haupt presented above has 
been modified to include both the brachypterous 
female and first recorded male for £. linnaei. 

Based on this species, Eremocurgus exhibit a 
striking level of sexual dimorphism, which led 
to the males of E. linnaei remaining unrecognised 
in the ANIC collection. Our postulated sex 
association is supported by the close geographic 
occurrence of males and females. 

Eremocurgus linnaei is only known from Western 
Australia, while E. ephippiatus has a broad 
distribution covering Victoria, South Australia 
and Western Australia (collection data), whereas 
E. pictipennis is apparently restricted to Victoria. 

Eremocurgus linnaei Krogmann, 

Day and Austin, sp. nov. 

Figures la-j 

Material examined 

Holotype 

Australia: Western Australia : 9 , Stirling Range 
National Park, S. face of Pyungoorup Peak, 330m, 
34°22T7"S, 118 o 19'20”E, 27 April-4 September 1996, 
wet pitfall traps ex spirit collection, M.S. Harvey, 
J.M. Waldock, B.Y. Main (WAM Entomology Reg. 
No. 68761). 

Par a types 

Australia: Western Australia: 1 9 , same 
collection data as holotype (WAM Entomology 
Reg. No. 68760); 6 V, same data as holotype, but: 


Wedge Hill, 34°23’17"S, 118°10T8”E, 2 May-17 
Dec 1996 (1 specimen SMNS, 5 specimens 
WAM Entomology Reg. No. 68633-68637); 1 
9, same data as holotype, but: Mt Magog, 
34°23'59"S, ri7°56'35"E, 25 April-3 September 1996 
(NHM); 1 9 , same collection data as holotype, 
but: The Cascades, 34°22’29"S, 118°14’17”E, 4 
September-17 December 1996 (WAM Entomology 
Reg. No. 69771); 19 9 , same data as holotype, but: 
Toolbrunup Peak track, 34°23’32"S, 118°03 32”E, 23 
April-3 September 1996, J.M. Waldock, B.Y.Main 
(WAM Entomology Reg. No. 69744-69762); 3 9 , 
same data as holotype, but: Talyuberlup picnic 
site, 34°24'56"S, 117°57T8"E, 25 April-3 September 
1996, J.M. Waldock, B.Y. Main (1 specimen SMNS, 
2 specimens W1NC); 3 9 , same data as holotype, 
but: Porongurup National Park, south end of 
Millinup Pass, 34°4F43”S, 117°53'51"E, 28 April-2 
September 1996 (1 specimen ANIC, 2 specimens 
WAM Entomology Reg. no. 68631-68632); 1 9 , 
Porongurup National Park, Yale Flats, malaise, 13 
November 1987, M.E. Irwin, E.I. Schlinger (CAS); 
1 9 , Stirling Range National Park, Bluff Knoll at 
Cascade Track, malaise, 17-20 November 1987, 
M.E. Irwin, E.I. Schlinger (CAS); 2 6,7 km N. of 
Kent River Bridge, 34°54'S, 117 o 02’E, 19 April 1983, 
E.S. Nielsen, E.D. Edwards (ANIC). 

Diagnosis 

The female of E. linnaei differs from the 
previously described species of Eremocurgus by 
the following characters: head with red-golden 
pubescence (Figure le), fore- and hind-wing 
brachypterous (Figure la, c), propodeum elongate, 
with transverse striae, that are medially weakly 
indicated (Figure If), toothed scales on hind tibia 
only weakly developed (Figure lg). The male is the 
first described for the genus and characterized by 
the following diagnostic features: head black, face 
with orange area extending laterodorsally from 
level of toruli (Figure lh). Male with metapost- 
notum well developed, reaching three quarters of 
the median length of the metascutellum (Figure 
li). 

Description 

Female (Figure la, c, e-g) 

Body length: 13.0-17.1 mm, head plus mesosoma: 
6.5-8.3 mm. Colour: Body and legs brownish- 
purple. Antennae brown. Conspicuous red- 
golden pubescence present on head, tibiae, tarsi 
and dorsal surfaces of meso- and metasoma. 
Two patches of silvery pubescence present on 
anterolateral portions of metasomal tergites 2 and 
3. 

Head (Figure le): Inner eye margin only very 
slightly incised, eye 1.9-2.1 times as long as wide. 
Clypeus 3.1-3.3 times as long as wide and as 
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<fiscal{3} 


Figure 1 Eremocurgus linnaei sp. nov., paratypes - a, habitus female, lateral view; b, habitus male, lateral view; c, 
forewing female; d, forewing male; e, head female, frontal view; f, mesosoma female, dorsal view; g, hind tibia 
female, dorsolateral view; h, head male, frontal view; i, posterior mesosoma male, dorsal view; j, metasoma 
with subgenital plate male, lateral view. Abbreviations: elc=extended lateral corner; nol=pronotum; 
no3=metanotum; mpn=metapostnotum; ms=metascutellum; pd=propodeum; sc=mesoscutum; 
scl=mesoscutellum; SMC=submarginal cell. 
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wide as distance between bottoms of orbits. First 
flageilomere 3.7-4.2 times as long as wide and 
1.1-1.2 times as long as second. Ocello/ocular- 
distance 1.7-1.8 times as wide as interocellular- 
distance, ocelli not enlarged. 

Mesosoma (Figure If): Pronotum transversely 
divided by distinct groove (=streptaulus), 
anteriorly with extended lateral corners. 
Mesonotum narrower than pronotum, paraspidal 
sulcus present, reaching half the length of 
mesoscutum. Propodeum elongate, nearly as 
long as combined length of pro- and mesonotum. 
Propodeal surface with transverse striae covering 
anterior half of declivity. Most striae only laterally 
distinct. 

Wings: Brachypterous, forewing 6.3-7.8 mm, 
hindwing 5.0-6.1 mm. Forewing (Figure la, c) 
orange with black infuscation around crossvein 
cu-a, and black band covering marginal cell and 
running to inner wing margin, covering third and 
most of second submarginal cell, great proportions 
of discal2, discal (3) and subdiscal (2). Vein M 
distad of crossvein 3rs-m very short, terminating 
well before wing margin. Third submarginal cell 
enlarged, approximately twice the size of second. 
Crossvein cu-a relatively strongly postfurcal of M 
on CuA. Hindwing with full venation, subdiscal 
cell proximally with unpigmented vein. 

Legs: Hind femur 5.9-6.3 times as long as wide; 
inner hind tibial spur 0.4 times times as long as 
basitarsus. Hind tibia with weakly developed 
toothed scales (Figure lg). Tarsal plantulae 
present. 

Male (Figure lb , d, h j) 

Body length: 9.8-10.6 mm, head plus mesosoma: 
4.6-5.2 mm. Colour: Head bicoloured, clypeus 
and face below toruli light orange, coloured 
area also extends laterodorsally from toruli, 
rest of head black. Antennae and legs orange. 
Mesosoma bicoloured, mainly dark orange, 
with the following areas black: anterior portion 
of propleura, ventral mesepisternum and small 
anterior portion of mesepisternum, adjacent 
to pronotum, mesoscutum, lateral panels of 
metanotum, metapostnotum and anterior portion 
of propodeum between and anterior to propodeal 
spiracles. Metasoma orange with anterior portion 
of petiole black. 

Head (Figure lh): Inner eye margin convergent, 
eye 1.9-2.1 times as long as wide. Clypeus 2.6 
times as long as wide and as wide as distance 
between bottoms of orbits. First flageilomere 2.0- 
2.1 times as long as wide and 0.8-0.9 times as long 
as second. Ocello/ocular-distance 0.9-1.0 times as 
wide as interocellular-distance, median ocellus 
slightly enlarged. 


Mesosoma: Pronotum short, with long 
pubescence. Mesonotum with fine punctuation, 
parapsidal sulcus present, reaching close to 
anterior mesoscutal margin, notaulus absent. 
Metapost-notum well developed, posterior margin 
only slightly incised medially (Figure li). Median 
length of metapostnotum reaching three quarters 
of the median length of the metascutellum (Figure 
li). Propodeal surface without transverse striae, 
but two strong dorsolateral carinae reaching 
from posterior margin to about half the length of 
propodeum (Figure li). 

Wings: Fully developed. Forewing (Figure Id) 
with less conspicuous black band originating 
from marginal cell and without black infuscation 
around crossvein cu-a. Black infuscation present 
along wing tip. Vein M distad of crossvein 3rs-m 
longer than in female; third submarginal cell only 
slightly larger than second, with 3rs-m strongly 
bent towards Rs. Crossvein cu-a not strongly 
postfurcal of M on CuA. Hindwing very similar 
to female, but subdiscal cell proximally with 
pigmented vein. 

Legs: Hind femur 7.1 times as long as wide; inner 
hind tibial spur elongate, 0.7 times as long as 
basitarsus. Tarsal plantulae present. 

Metasoma: Subgenital plate with distinct 
posteromedian spine (Figure lj). 

Etymology 

The new species is described and named in 
honour of Carl von Linne and published 250 years 
after the tenth edition of his Systema Naturae. 

Remarks 

Brachyptery in Australian Hymenoptera 

Brachyptery is a rare phenomen within the 
world Pompilidae (Goulet and Huber 1993). In 
Australia wing-reduced pompilids have only 
been described in the Iridomimus violaceus group 
(Evans 1970), where both sexes have strongly 
reduced, strap-like wings and greatly resemble 
ants. Eremocurgus linnaei is the first described 
pompilid from Australia, in which wing 
reduction only occurs in the female. Interestingly, 
we have found this phenomenon also in 
two undescribed Australian species from the 
genera Epipompilus Kohl and Sphictostethus Kohl 
(Krogmann, Day and Austin, unpublished data). 
The Australian Hymenoptera fauna includes 
a number of families, in which brachypterous 
species occur more frequently than in other parts 
of the world. These include doryctine Braconidae 
(75% of all known brachypterous species; Iqbal 
et al . 2003) and Rhopalosomatidae (70% of all 
known brachypterous species; Krogmann et al. in 
prep.). 
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Callucina and Pseudolucinisca (Mollusca: Bivalvia: Lucinidae) from 
Australia: revision of genera and description of three new species 
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Abstract - Three new species of lucinid bivalves are described from Australia. 
Two of these are assigned to the genus Callucina , previously known living 
only from the Western Atlantic Ocean. In Western Australia, Callucina liitvaei 
ranges from the Houhnan Abrolhos Islands northwards to the Dampier 
Archipelago, Callucina brittoni is recorded from islands on the Great Barrier 
Reef, Queensland. Another Indian Ocean species, C winckworthi (Viader 1951) 
is recognized from Mauritius. The third new species, Pseudolucinisca iinnni, 
was previously confounded with the South and Western Australian endemic 
species, P. lacteola. Pseudolucinisca ivami is distributed from Geographe Bay 
to Port I let!land while the more southerly range of P. lacteola extends from 
western Victoria to Cape Leeuwin, Western Australia. Revised descriptions 
are given for the genera Callucina and Pseudolucinisca . Callucina species have 
a fossil history in the Cenozoic of Europe and North America and the living 


Australian and Mauritian species may 
the Cenozoic Tethyan Ocean. 


INTRODUCTION 

The discovery of chemosymhiosis in lucinid 
bivalves in the mid 1980s stimulated renewed 
interest in the systematics of the previously rather 
neglected family Lucinidae, with 57 new species 
and 28 new genera described in the last ten years. 
Within Australia, Lamprell and Whitehead (1992) 
and Lamprell and Healy (1998) list 33 species of 
Lucinidae. Since then several unusual taxa have 
been described from Western Australia including 
Rasta thiophila , Cardiolucimi australopihda , Plicolucina 
fliibellata, Lamellolucina pilbara and Pillucina australis 
Taylor and Glover (1997a, 1997b, 2002), Glover and 
Taylor (2001); Glover, Taylor and Slack-Smith (2003). 
Additionally, new species and new records of 
Anodontia have been recorded from tropical eastern 
Australia (Taylor and Glover 2005). 

In this paper we describe two new Australian 
species of Callucina Dali 1901, a genus previously 
known living only in the Western Atlantic, and 
also a recognise a new species of Pseudolucinisca 
C ha van 1959, previously confounded with 
Pseudolucinisca lacteola (Tate 1897), a species 
endemic to south and southwestern Australia. 
Pseudolucinisca was hitherto a monospecific genus, 
usually classified as a subgenus of Callucina 
(Chavan 1969; Lamprell and Whitehead 1992). It is 
unfortunate that only dead-collected shell material 
is available for these new species, likewise for the 
western Atlantic Callucina keenae, precluding any 
anatomical observations or molecular analysis. 

As neither Callucina nor Pseudolucinisca are well- 
defined genera, we provide new descriptions and 


e relicts from a wider distribution in 


illustrations of the type species. Some confusion 
exists because in the most recent comprehensive 
generic revision Chavan (1969, figures E3.10) 
unfortunately figured an Eocene fossil, " Callucina " 
hoernesi (Deshayes 1857), as the example of 
Cuilucina. But this has characters (e.g. both anterior 
and posterior lateral teeth) not present in the type 
species which he did not illustrate. 

The phylogenetic positions of these genera are 
interesting; in the case of Pseudolucinisca , based 
on P. lacteola , molecular analysis (Williams et 
al. 2004) indicated it was in a basal clade, sister 
to the Anodontia group and quite distinct from 
the majority of shallow water lucinids, such as 
Codakia, Ctena, Lucina and Loripes, Earlier, from 
morphological evidence, Bretskv (1976: 258) 
suggested that Callucina and Parvilucina were 
closely related and derived from a common 
ancestor in the late Cretaceous or early Cenozoic. 
Unfortunately, this hypothesis has not been tested 
by molecular techniques because no Callucina 
specimens have been available for analysis. 

Lucinids assigned to Callucina have a putative 
fossil history into the Early Cretaceous (Chavan 
1969) hut all these records need re-evaluation. 
Nevertheless, Eocene fossils such as Callucina 
papyracea (Lea 1833) from the southern USA are 
similar to the type species, C. keenae, Callucina- 
like lucinids were present in the Eocene of Europe 
but by the Miocene were represented only in the 
Americas (Chavan 1959; Bretsky 1976). 

From Australia, Pseudolucinisca lacteola has been 
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recorded from the Late Pliocene of southwestern 
Australia (Ludbrook 1978). Additionally Ludbrook 
(1955) plate 2, figure 10) illustrates Callucina 
balcombica (Cossmann 1912) also from Pliocene of 
Adelaide and Gippsland, Victoria. Although this 
species resembles Callucina in external shell form, 
Chavan (1961) classified it within the new genus 
Callucinella on the basis of hinge teeth. 

MATERIALS AND METHODS 

The specimens examined for this study are 
lodged in the following institutions: Australian 
Museum, Sydney (AMS); Academy of Natural 
Sciences, Philadelphia (ANSP); The Natural 
History Museum, London (BMNH); Museum 
Victoria, Melbourne (MV); South Australian 
Museum, Adelaide (SAM); Western Australian 
Museum, Perth (WAM). 

Shells were examined by conventional optical 
microscopy. Tissue samples of ctenidia and 
posterior apertures of a single specimen of 
Pseudolucinisca lacteola collected at Esperance 
Western Australia were fixed in a 2.5% 
glutaraldehyde solution in phosphate buffer, 
critical point dried through an ascending acetone 
series, sputter coated with gold and examined by 
scanning electron microscopy. 

The following abbreviations were used 
throughout the text: H - shell height; L - 
shell length; LV - left valve; RV - right valve; 
T - tumidity of single valve, m - metre. All 
measurements of specimens in mm. 

SYSTEMATICS 

Superfamily Lucinoidea Fleming 1828 
Family Lucinidae Fleming 1828 
Callucina Dali 1901 

Phacoides (Callucina ) Dali 1901: 806. 

Lucina (Callucina ): Chavan 1938: 220; Bretsky 1976: 

257. 

Callucina: Chavan 1969: N494. 

Type species 

Lucina radians Conrad 1841, by original 
designation (junior homonym of L. radians Bory de 
St Vincent 1824; replacement name Callucina keenae 
(Chavan in Cox et al. 1971: N1215). Holotype, 1 
right valve (ANSP 30603) from near Magnolia, 
Natural Well, Duplin County North Carolina, 
USA. Pliocene. 

Diagnosis 

Subcircular, sculpture of closely spaced 
com marginal lamellae, fine radial striations 
particularly at anterior and posterior. Lateral teeth 
absent, 2 cardinal teeth in LV; single cardinal in 


RV; adductor muscle scar detached ventrally from 
pallial line for 1/5 to 1/2 of length, inner shell 
margin finely denticulate. 

Because of some confusion concerning the 
characters of Callucina we describe the type 
species below (Figures 1, 2, A-D, 3A). 

Callucina keenae , shell small to medium size 
(H to 23.0, L to 22.4) subcircular, usually slightly 
longer than high, H/L mean 0.97, moderately 
inflated, T/L mean 0.26). Umbones prominent, 
central. Sculpture of closely spaced, regular, low 
commarginal lamellae. Interspaces narrower than 
ridges. Growth halts prominent. Radial sculpture 
of faint striations, particularly at anterior and 
posterior parts of shell. Sulci or demarcated dorsal 
areas absent. Ligament broad, set in shallow 
nymph. Lunule heart-shaped, impressed, slightly 
asymmetric, wider in RV, overlying LV. Hinge with 
lateral teeth absent, RV with one large, posterior, 
bifid cardinal tooth, separated by a large socket 
from projecting lunule. LV with large, slightly 
bifid, anterior cardinal, separated by a socket 
from thin, posterior cardinal at margin of hinge 
plate. Anterior adductor scar moderately long, 
broad, ventrally detached from pallial line for half 
of length (Figure 3A). Anterior pedal muscle scar 
separate from adductor; posterior adductor scar 
subovate. Pallial line irregularly lobate dorsally, 
almost discontinuous. Inner shell margin finely 
denticulate. Inner shell between edge and pallial 
line with fine radial grooves. Shell white, internal 
margin glossy outside of pallial line. 

Remarks 

Because of previous misunderstanding we have 
taken a more restricted concept of Callucina than 
used by previous authors (e.g. Chavan 1937-1938, 
1969), for example, excluding species with lateral 
teeth. The type species was described from a 
Pliocene fossil but the shells are morphologically 
inseparable from living bivalves referred to this 
species from the southern USA and Caribbean. 
Chavan (1969 figures E2, 9ab) confusingly 
illustrated Callucina hoernesi (Deshayes) from the 
Eocene of France as an example of Callucina but 
this species has characters not found in the type 
species, such as the presence of both anterior and 
posterior lateral teeth and an elongate anterior 
adductor scar, ventrally detached from the pallial 
line for about 3 4 of length. 

Callucina keenae ranges in the Western Atlantic 
from North Carolina to Brazil at depths from 
the shallow subtidal to 183 m (Britton 1970) and 
is generally thought to be the only living species 
of Callucina. Britton (1970) included Callucina 
berrnudensis Dali 1901 (plate 39, figure 5) from 
Bermuda, introduced as a new name for Lucina 
lenticula Reeve 1850 (non L. lenticula Gould 1850) 
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Figure 1 Holotype of Lucina radians Conrad 1841, 
the type species of Callucina (ANSP 30603), 
Pliocene, near Magnolia, Duplin County, 
North Carolina, U.S.A. Scale bar = 5 mm. 

but Dali writes that his specimens were encrusted 
with sediment and that no living specimens 
had come to his attention. However, these shells 
(USNM 41339) differ from C. keenae in sculpture, 
hinge teeth, characters of the anterior adductor 
scar and lack of marginal denticles. At least one of 
the two syntypes of L. lenticula (BMNH 1963171-2) 
appears live-collected (no locality given) and has 
characters of a small Lucinoma. Cavilmga lampra 
(Dali 1901) from the eastern Pacific has sometimes 
been placed in Callucina but this species possesses 
both anterior and posterior lateral teeth (see 
discussion in Bretsky 1976: 271). 

Most fossil species assigned to Callucina need 
re-evaluation in relation to the type species. 
Lucina papyracea Lea 1833 from the Middle Eocene 
of Alabama (see Bretsky 1976, plate 27 figures 5-7) 
closely resembles the type species and may be 
regarded as an early Callucina. A number of other 
species from the Paleocene and Eocene included 
in Callucina by Chavan (1938: 253) possess lateral 
teeth and elongate, detached adductor muscle 
scars and can be excluded. 


Callucina linnaei sp. nov. 

Figures 2E-L, 3B, 4 
Material examined 

Holotype 

Australia: Western Australia : 1 shell (H 26.5, 
L 28.8, T 8.0), Dampier Archipelago, Lady Nora 
Island, 20°28'S, 116°40’E, December 1971, B.R. 
Wilson (WAM S13402). 

Para types 

Australia: Western Australia: 4 shells, 1 valve 
(H 27.4, L 28.9; H 26.3, L 27.1; H 19.7, L 21.3; H 21.7, 
L 24.3; H 22.2, L 24.1), Montebello Islands, east 
side Hermite Island, 20 o 31'35"S, 115°33'03"E, 4 m, 
August 1993, S. Slack-Smith (WAM S12506). 

Other material examined 

Australia: Western Australia: 2 shells, Goss 
Passage, Beacon Island, Houtman Abrolhos 
Islands, 28°28 , 29"S, 113°46’46"E, 25 m, April 1978 
(WAM S12507); 1 shell. Middle Channel, Easter 
Group, Houtman Abrolhos Islands, 28°35'S, 
113°45’E, 38 m, March 1963 (WAM S13404); 5 
valves, NE of Leos Island, Easter Group, Houtman 
Abrolhos Islands 28°40’05"S, 113 0 54’E, 42 m, 
August 1977 (WAM S13405); 1 valve, N. Muiron 
Island, North West Cape, 21°39'19"S, 114°42’27"E, 
6-13 m, 24 August 1995, (WAM S13403); 1 valve, 
lagoon, S.W. of Hermite Island, Montebello 
Islands, 20°30 , 09"S, 115 0 29'59"E, 3 m, August 1993 
(WAM S13406). 

Diagnosis 

Compared to C. keenae, C. linnaei is larger, 
with broader, more widely spaced commarginal 
lamellae and fewer radial striations between 
them. The anterior adductor muscle scar is less 
ventrally detached from the continuous pallial 
line. Callucina linnaei differs from C. brittoni (see 
below) from Queensland in its larger size, less 
inflated shell and much coarser commarginal 
lamellae. 

Description 

Shell medium-sized, thick-shelled, H to 27.4 
mm, L to 28.9 mm, subcircular, slightly longer 
than high, H/L mean 0.93 range 0.89-0.97; 
moderately inflated, T/L mean 0.27, range 0.24- 
0.30. Ventral, anterior and posterior margins 
rounded. Umbones slightly anterior of mid-line, 
prosogyrate, prominent. Sculpture of numerous 
low, rounded closely spaced, commarginal 
lamellae with prominent growth halts. Lamellae 
divide and anastomose to the anterior and 
posterior. Commarginal lamellae crossed by 
faint radial striations, particularly to anterior and 
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Figure 2 A-D, Callucina keenae Chavan 1971 West Indies, Carpenter Collection (BMNH 65.1.27.4); E-L, Callucina linnaei 
new species: E-I, holotype (WAM S12506), Lady Nora Island, Dampier Archipelago, Western Australia; E, 
exterior of left valve; F, G, valve interiors; H, dorsal view with valves closed; I, dorsal view, valves parted; J-L, 
para type (WAM SI2506) Hermite Island, Monte Bello Islands, Western Australia; J, exterior of right valve; K, 
L, valve interiors. Scale bars = 5 mm 
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posterior and, in some specimens, bv low rounded 
ribs at anterior. Dorsal areas not demarcated 
except by slight thickening and anastomosing of 
com marginal lamellae. Lunule impressed, narrow, 
heart-shaped, asymmetrical, smaller in RV but 
overlies LV, Ligament large, lying in deep nymph, 
not protruding above dorsal margin. Hinge plate 
thick, RV with single, large, bifid cardinal tooth, 
LV with two cardinal teeth, the posterior larger 
and slightly bifid, the anterior smaller. Lateral 
teeth absent in both valves. Anterior adductor 
muscle scar short, ventrolly detached from pallia! 
line for only 1/5 of length (Figure 313). Pallia! line 
entire, but Jobate dorsally. Inner shell margin very 
finely denticulate. Exterior colour white, interior 
hinge area and margin outside pal 1 ia 1 line often 
yellowish. 

Distribution 

The species has been found in Western Australia 
from the Houtman Abrolhos Islands to Dampier 
Archipelago (Figure 4). 

Etymology 

The species is named in honour of Carl 
Linnaeus. 


Callucina brittoni sp. nov. 

Figures 3C, 4, 5 
Material examined 

Halo type 

Australia: Queensland: 1 shell (H 14.9, L 15.6, 
T 4.8), northern Great Barrier Reef, Lizard Island, 
South Island, 14 42'S, 143 27 F, 3-18 m on coral 
and rubble on southern face of fringing reef, 
December 1974, W.F. Ponder, PH. Colman and 1. 
Loch (AMS C 360666). 

Para types 

Australia: Queensland : 33 valves, northern 
Great Barrier Reef, Michaelmas Cay, I h 36 S, 
145 Q 59'E, GBR Boring Expedition, May-June 
1926, T. Iredale and G.P. Whitley (AMS C053648); 
39 valves, same locality (AMS C053649). 
Measurements of selected shells (H 16.1, L 17.0; FI 
15.1, L 16.0; H J5.5 L 16.4; H14.7, 1 15.6). 

Other material examined 

Australia: Queensland: 2 valves, 3 km NE. 
of Behind Cay, Swain Reefs, Great Barrier Reef, 
21 42'S, 152°26'E, 64-73 m, 1962 (AMS C360665). 




Figure 3 Outline drawings of interiors of right valves of Callucina and Pseuitohiamsca species. Not to scale. 
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Figure 4 Map showing distribution of Callucina species. 
Callucina linnaei (•), C. brittoni (OF 


Diagnosis 

Compared with Callucina linnaei, C. brittoni is 
smaller, thinner shelled, slightly more inflated, 
with lower, narrower and more abundant 
commarginal lamellae. In both species, the 
asymmetry of the lunule is variable. 

Description 

Shell small, H to 17.0, L to 17.4, subcircular, H/L 
mean 0.95, range 0.92-1.01, moderately inflated, 
T/L mean 0.33, range 0.29-0.34. Ventral, anterior 
and posterior margins rounded. Umbones at mid¬ 
line, prosogyrate, prominent. Dorsal areas not 
demarcated. Sculpture of numerous fine, rounded, 
closely spaced, commarginal lamellae, with 
growth halts prominent. Commarginal lamellae 
crossed by faint radial striations, particularly in 
anterior and posterior areas. Lunule impressed, 
short, asym-metric, wider RV overlies longer 
LV (Figure 5D, K). Ligament robust, in shallow 
nymph. Hinge, RV with single, large cardinal 
tooth; LV with two cardinal teeth, the anterior 
smaller. Lateral teeth absent in both valves 
(Figure 5E,F). Anterior adductor muscle scar short, 
vent ra lly detached from pallial line for 1/4 of 
length (Figure 3C), posterior adductor scar ovoid. 
Pallial line entire, with slightly lobate dorsal 
margin. Inner shell margin finely denticulate with 
radial grooves. Exterior colour white, interior of 
shell often glossy, pale yellow. 

Distribution 

This species has been found only in the Great 
Barrier Reef, Queensland (Figure 4). 


Etymology 

This species is named for the late Joseph (Joe) 
Britton who wrote a fine but unpublished Ph.D. 
thesis on taxonomy of Lucinidae (Britton 1970). 

Callucina winckivorthi (Viader 1951) 

Figures 3D, 6 

Lucina (Phacoides) ivinckworthi Viader 1951:135, plate 
4, figures 1-3. 

Material examined 

Mauritius: One shell (Figure 6) and three valves 
sent by R. Viader to R. Winckworth (BMNH 
20080324). Four valves. Cassis, collected by R. 
Viader 1950 (BMNH 20080323). 9 valves, Flic 
en Flac (BMNH 20080322). Three valves, Biggs 
Collection (BMNH 20080325). 

Description 

Shell small, H to 13.5 mm, L to 13.8 mm, 
subcircular, H/L mean 0.98, range 0.96-1.00, 
moderately inflated, T/L mean 0.33, range 0.32- 
0.36. Ventral, anterior and posterior margins 
rounded. Umbones at mid-line, prosogyrate, 
prominent, protruding. Dorsal areas not 
demarcated. Sculpture of numerous, rounded, 
closely spaced, commarginal lamellae, with 
growth halts prominent. Commarginal lamellae 
crossed by faint radial striations. Lunule short, 
heart-shaped, impressed, asymmetric, wider in 
RV. Ligament short, robust, in shallow nymph. 
Hinge, RV with single, large cardinal tooth; 
LV with two cardinal teeth, the anterior larger. 
Lateral teeth absent in both valves. Anterior 
adductor muscle scar short, ventrally detached 
from pallial line for 1/5 of length, posterior 
adductor scar ovoid. Pallial line entire. Inner shell 
margin finely denticulate. Exterior colour white 
to yellow, interior white, sometimes pale yellow- 
orange on hinge and shell margin outside pallial 
line. 

Distribution 

Known only from Mauritius. 

Remarks 

Apart from the two new Australian species this 
is the only Callucina species known from the Indo- 
West Pacific Province. Compared to C. linnaei and 
C. brittoni it is much smaller, relatively higher than 
long, with more irregular commarginal lamellae. 
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Figure 5 Callucina brittoni sp. nov. A-F. Holotype (AMS C 360666), South Island, Lizard Island, Great Barrier Reef, 
Queensland, Australia; A, exterior right valve; B,C, interior of both valves; D, dorsal view with valves parted; 
E,F, details of hinge of both valves; G-K, paratypes (AMS C 053648) Michaelmas Cay, Great Barrier Reef, 
Queensland; G, H, exterior and interior of left valve; I-J, paratype (AMS C 053648), interior and exterior of 
right valve; K, dorsal view of G and J. Scale bars = 5 mm. 










450 


E.A. Glover, J.D. Taylor 



Figure 6 Callucina winkworthi (Viader 1951), Mauritius (BMNH 20080324). A Exterior of left valve, B. C, interior of right 
and left valves. Scale bar = 5 mm. 


Pseudolucinisca Chavan 1959 

Callucina (Pseudolucinisca) Chavan 1959: 516. 

Type species 

Lucina lacteola Tate 1897 (= L. lactea Adams 
1855 non Lamarck 1818; Lucina concentrica Adams 
and Angas 1863, non Lamarck 1806), by original 
designation. 

Diagnosis 

Subcircular in outline, sculpture of narrow, 
regularly spaced commarginal lamellae; 
lunule highly asymmetric, with arcuate flange 
projecting entirely from LV; lateral teeth absent, 
RV with single, large, bifid cardinal tooth; LV 
with posterior cardinal and vestigial anterior 
cardinal abutting lunule extension. Pallial line 
discontinuous, divided into irregular blocks. Shell 
margin denticulate. 

Remarks 

Although Pseudolucinisca is usually treated as 
a subgenus of Callucina it is uncertain if the two 
genera are related and here we treat the taxa 
as separate, distinct genera. Molecular data are 
published for Pseudolucinisca (Williams et al. 2004), 
but none are yet available for Callucina. 

Chavan (1959) assigned the two Miocene species 
Lucina strigosa Michelotti, 1861 and L. michelotti 
Mayer, 1858 to Pseudolucinisca. Illustrations of 
these species (Sacco 1901: plate 20, figures 18-21; 
Cossmann and Peyrot 1909-1912: plate 28, figures 
47-50) show lucinids with marked dorsal areas 
and prominent anterior lateral teeth, unlike the 
type, but they have large lunules, although from 
the figures it is impossible to say whether these 
are strongly asymmetrical. 


Pseudolucinisca lacteola (Tate 1897) 

Figures 3E, 7, 8,10,11 

Lucina lactea A. Adams 1855: 225 (junior primary 
homonym of Lucina lactea Lamarck 1818). 

Lucina concentrica A. Adams and Angas 1865: 426, 
plate 37, figure 19 (non L. concentrica Lamarck 
1806). 

Lucina lacteola Tate 1897: 48 (replacement name for 
L. lactea A. Adams). 

Loripes lacteola (Tate 1897): Hedley 1916:161. 

Codakia lacteola (Tate): May 1921: 18; Cotton and 
Godfrey 1938: 206, figure 219; Cotton 1961: 219, 
figure 226. 

Callucina lacteola (Tate): May revised by Macpherson 
1958: plate 7, figure 16; Ludbrook 1978: 51. 

Callucina (Pseudolucinisca) lacteola (Tate): Chavan 
1959: 516; Lamprell and Whitehead 1992: figure 
116. 

Material examined 

Syntypes of Lucina lactea 

Australia: Western Australia: 3 shells (H 21.4- 

23.8, L 22.4-24.0), Swan River and New Zealand 

(error), (BMNH 1963555/1-3). 

Syntypes of Lucina concentrica 

Australia: South Australia: 3 shells (H 19.6- 

20.8, L 21.5-21.7), St Vincent Gulf (BMNH 

1870.10.26.33). 

Other material examined 

Australia: Victoria: Portland, West Victoria 

(AMS). South Australia: St Kilda, Adelaide 
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Figure 7 Pseudolucinisca lacteola (Tate 1897): A-D, syntype of Lucina lactea (BMNH 1963555/1-3): A, exterior left valve; B, 
C, interior of both valves; D, dorsal view of parted valves; E-H, syntype of L. concentrica Reeve, 1850 (BMNH 
1870.10.26.33): E, exterior left valve; F, G, interior of both valves; H, dorsal view. Scale bars = 5 mm. 


(BMNH); Holdfast Bay (AMS C39180); Normanville 
(AMS); West Beach (AMS C75726); St Vincent Gulf 
(AMS C 13784); Safety Bay (NMV), Largs Bay 
(NMV), Heydon Beach (NMV), Grange (NMV); 
Henley Beach (SAM), West Franklin Island, 
(SAM); Willunga (SAM); Scales Bay (SAM); 
Semaphore Beach, Adelaide (SAM); Outer Harbour 
(SAM); Kingston Park (SAM); Edithburgh, Yorke 
Peninsula (SAM); Port Lincoln. (NMV). Western 
Australia: between Eucla and Esperance, 79-147 
m (AMS); North Twin Island and Middle Island, 
Recherche Archipelago (NMV); Duke of Orleans 
Bay (AMS); Mississippi Bay, Esperance (AMS); 
Lucky Bay, Cape le Grand (BMNH); Esperance 
Beach (BMNH); Two Peoples Bay, Albany (AMS); 
Shoal Bay, Albany (BMNH); Oyster Harbour, 


Albany (WAM); Princess Royal Harbour, Albany 
(AMS); Emu Point, Albany (AMS); Torbay, Albany 
(WAM); Duke Head, Augusta (BMNH). 

Description 

Shell medium sized, H to 27.2, L to 29.0, 
subcircular, H/L mean 0.96 range 0.91-0.99, 
inflated, T/L mean 0.34, range 0.29-0.39. Umbones 
rounded, central, low. Sculpture of regularly 
spaced, low, thin commarginal lamellae (6-8 
lamellae per 5 mm shell height); with fine, radial 
lines in interspaces, mainly in posterior part 
of shell. Lunule, lanceolate, impressed, highly 
asymmetrical, with strong, arcuate flange of LV 
projecting into RV (Figure 7D). Anterior dorsal 
area demarcated by a low ridge and posterior area 









Figure 8 Bacteriocytes and posterior apertures of Pseudolucinisca lacteola, Esperance, Western Australia. SEMs of 
critical point dried preparations from glutaraldehyde - fixed tissue: A, section of ctenidal demibranch 
showing extensive abfrontal thickening of the bacteriocyte zone; B, surface of bacteriocytes with surrounding 
intercalary cells; C, section of bacteriocytes containing abundant bacteria: D, bacteria in apical part of 
bacteriocyte; E, posterior apertures. Scale bars A = 100 pm; B = 20 pm; C = 10 pm; D = 5 pm; E = 2 pm. 
Abbreviations: b = bacteria; be = bacteriocytes; bz = bacteriocyte zone; cz = ciliated zone; ex = exhalant 
aperture, fm = fused mantle; ia = inhalant aperture; ic = intercalary cells. 
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by an indistinct sulcus. Hinge plate narrow, LV 
with two cardinal teeth, smaller anterior tooth, 
not always present, abuts against projecting 
lunule. RV with a single cardinal. Lateral teeth 
absent in both valves. Ligament long, narrow, set 
in shallow groove. Anterior adductor scar short, 
fairly broad, detached from pallial line for 1/3 of 
length (Figure 3D), posterior adductor scar ovate. 
Pedal muscle scars strongly visible and separate 
from adductor scars. Pallial line discontinuous, 
divided into small blocks. Inner surface of shell 
dull, ventral margin finely denticulate with 
beaded appearance. Shell white to grayish white. 

Anatomy 

A single live-collected specimen from 
Esperance, Western Australia, was available for 
observations on gills and bacteriocytes. As in all 


studied Lucinidae (Taylor and Glover 2006), the 
ctenidia have single demibranchs with broad, 
closely spaced filaments. In section, there is a 
narrow, distal ciliated zone and a long, lateral 
zone comprising sheets of bacteriocytes, about 
15-20 pm in diameter (Figures 8A, B). These 
bacteriocytes are capped with short, uniform 
microvilli and separated by intercalary cells 
with spiky apical extensions (Figure 8B). The 
bacteriocytes are packed with short, rod-shaped 
bacteria 5-7 pm long and 2 pm wide (Figures 8C, 
D). These observations confirm the presence of 
bacteria in the ctenidia and the likely nutritional 
dependence on chemosymbiosis for P. lacteola. 

The form of the posterior apertures and amount 
of mantle fusion ventral to the inhalant aperture 
have some potential in systematic studies of 
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Figure 9 Pseudolucinisca wami new species. A-E, holotype (WAM S13399) Cockburn Sound, Fremantle, Western 
Australia: A, exterior left valve; B,C, interior of both valves; D, dorsal view; E, dorsal view with parted 
valves to show asymmetry of lunule; F-H, paratype (WAM S13400), Dunsborough, Geographe Bay, Western 
Australia: F, exterior of left valve; G, interior of right valve; H, interior of left valve; I-L, paratype (WAM 
SI3396), Middle Channel, Houtman Abrolhos Islands: I, exterior of right valve; J, K, interiors of left and right 
valves; L, dorsal view. Scale bars = 5 mm. 
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Lucinidae (Taylor and Glover 2006). The posterior 
apertures of Pseudolucinisca lacteola are shown in 
(Figure 8E); the inhalant aperture lacks papillae 
and there is a medium length of mantle fusion 
(fusion index 0.52; for method see Taylor and 
Glover 2002) compared to the highly fused 
Phacoides pectinatus (Gmelin 1791) at 0.78 and the 
short fusion of Codakia orbicularis (Linnaeus 1758) 
at 0.20 (Taylor and Glover 2006). 

Distribution 

This species is found from Portland, Victoria, 
and South Australia to Cape Leeuwin, Western 
Australia (Figure 11). Shells of P. lacteola recorded 
from beaches on Rottnest Island, off Fremantle, 
are probably derived from the late Quaternary 
deposits outcropping along the shores (see 
Hickman and Barnes 1999). 

Remarks 

See below for comparison with new species. 

Pseudolucinisca wami new species 
Figures 3F, 9,10,11 

Callucim lacteola (Tate 1897): Slack-Smith 1990:148. 

Callucina (Pseudolucinisca) lacteola (Tate 1897): Taylor 
and Glover 2004: 262. 

Material examined 

Holotype 

Australia: Western Australia : 1 shell with dried 
body (H 18.3, L 18.2, T 6.1), Fremantle, Cockburn 
Sound, 32°11'S, 115°43'E, 29 November 1972, L. 
Marsh (WAM S13399). 
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Figure 10 Scatter plot of number of eommarginal 
lamellae against shell length for 
Pseudolucinisca lacteola and P wami. 


Para types 

Australia: Western Australia : 1 shell (H 18.4 
mm, L 19.7, T 6.0), Geographe Bay, Dunsborough, 
33°36’S, 115 06 E, December 1965, B.R. Wilson 
(WAM S13400); 1 shell (H 14.7, L 15.4, T 4.9), 
Abrolhos Islands, Middle Channel, 28°35'S, 
113°46'E, March 1963, J. Seabrook, 03.1963 (WAM 
S13396). 

Other material examined 

Australia: Western Australia : Geographe Bay, 
9 m (WAM); 3 miles (4.8 km) off Dunsborough, 
54 ft (16.5 m) (WAM); Eagle Bay, Geographe Bay 
(WAM); Busselton Beach (BMNH); Palm Beach, 
Rockingham (WAM); Warnboro Sound (WAM); 
Cockburn Sound (WAM); west of Rottnest, 
110 m (WAM); off northeast Rottnest Island, 
22 m (BMNH); Green Island, off Grey (WAM); 
Cervantes, North Terin Bank (WAM); Jurien 
(WAM); Geraldton, Bluff Point. (WAM); Zeewyck 
Channel, Houtman Abrolhos Islands, 21 fathoms 
(38 m) (WAM); SW face of Beacon Island, Wallabi 
Group, Houtman Abrolhos Islands (WAM); E. side 
Wooded Island, Easter Group, Houtman Abrolhos 
Islands, 24 fathoms (44 m) (WAM); Middle 
Channel, Easter Group, Houtman Abrolhos 
Islands 21 fathoms (38m) (WAM); Bernier Island, 
Shark Bay (WAM); Boat Harbour, Carnarvon 
(BMNH); Exmouth (AMS); Dampier Archipelago, 
32-43 m (BMNH); 78 miles (125.5 km) NNE. of 
Port Hedland, 19°4.4’S, 119°4.4'E, 82 m (AMS). 

Diagnosis 

This species is very similar in general 
morphology to P. lacteola but differs in being 
smaller, with more densely-spaced eommarginal 
lamellae (Figure 10) and more prominent radial 
striations In the interspaces between the lamellae. 

Description 

Shell small, H to 18.4, L to 19.7, subcircular (H/L 
mean 0.96 range 0.94 - 1.01), solid, inflated (T/L 
mean 0.33 range 0.30-0.35) Umbones rounded, 
central, low. Sculpture of regularly spaced, low, 
narrow, eommarginal lamellae (11-13 lamellae 
per 5 mm); fine radial lines in interspaces over 
all shell. Anterior dorsal area demarcated by 
a low ridge and posterior area by a shallow 
sulcus. Lunule small, impressed, lanceolate, 
strongly asymmetrical, large arcuate flange of LV 
projecting into slot in RV (Figure 9E). Hinge plate 
narrow, LV with one larger posterior cardinal 
tooth and a deep socket, with a tiny anterior 
cardinal on lunular margin; lateral teeth absent; 
RV with single large cardinal, sometimes bifid, 
and no laterals. Ligament long, narrow, set in 
shallow groove. Anterior adductor muscle scar 
short, fairly broad, detached from pallia! line for 
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Figure 11 Map showing distribution of Pseudolucinisca 
species: Pseudolucinisca lactcola ( 0 ), P. tvami 

m 


one-third of length (Figure 3F); posterior scar 
ovate. Pedal muscle scars strongly visible and 
separate. Pallia! line discontinuous, divided into 
small irregular blocks. Shell inner surface dull, 
glossy outside pallial line with fine radial grooves 
and marginal denticulations. Colour grey-white. 

Distribution 

This species is found in Western Australia from 
Geographe Bay to the North-West Shelf near Port 
l ied land (Figure 11). 

Remarks 

Pseudolucinisca wami and P. lacteola have 
contiguous ranges; P. lacteola is distributed from 
western Victoria to Cape Leeuwin and P. wami 
northwards from Geographe Bay to near Port 
Hedland. Bivalves from the southern parts of 
the range are generally larger than those from 
the north. Slack-Smith (1990: 148) remarked that 
specimens of Callucina lacteola (i.e. the new species, 
P wami) from Shark Bay were generally smaller 
than those from more southerly localities. 

Etymology 

This species is named in recognition of the 
Western Australian Museum. The name is to be 
treated as a noun in apposition. 

DISCUSSION 

There is considerable misunderstanding in the 
generic assignments of small to medium sized 
Lucinidae that are subcircular in shape, with a 
sculpture of low, closely spaced commarginal 


lamellae and an absence of well-defined sulci 
or dorsal areas. A number of genera including 
Callucina, Callucinella , Calluchwpsis and Epiluana 
have similar external morphology but differ in 
hinge, adductor muscle scar and other internal 
characters. For this reason, we have used in 
this paper a more narrowly defined concept of 
Callucina, based on characters of the type species, 
thereby excluding some of the fossils often 
assigned to Callucina but possessing lateral teeth. 
Pseudolucinisca is usually regarded as a subgenus 
of Callucina but there is no firm evidence that 
they are related, so we treat them as two distinct 
genera. 

Although Callucina s.l. has been claimed as an 
ancient genus, older Mesozoic lucinicis referred 
to Callucina (Chavan 1937-1938, 1939) all need 
re-evaluation and most can be considered as 
doubtful assignments, for instance Callucina ole a 
(Vokes 1946: 46, plate 7, figures 14-17) from the 
Cretaceous (Aptian) of Lebanon has sculpture 
(coarse, sharp lamellae) and dentition (robust, 
posterior lateral tooth) unlike Callucina keenae. 
The small Lucina riplei/ana Wade (1926: 82 plate 
25 figures 19-21) from the Campanian Ripley 
Formation was assigned to Callucina by Chavan 
(1959) but has large anterior and posterior lateral 
teeth. Similarly, Lucina calmoni Pervinquiere 
1912 from the Maastrichtian of Tunisia, included 
in Callucina by Chavan (1938: 220), possesses 
two cardinal teeth in each valve and both 
anterior and posterior lateral teeth. Chavan (1959) 
subsequently placed this species in his new genus 
Callucinopsis. 

From shell characters Bretsky (1976: 235 and 
figure 3) claimed a close relationship of Callucina 
with Parvilucina and placed Callucina as a stem 
group of a dade comprising Parvilucina , Lucimsca , 
Pleurolucina and Callucina. This proposal is yet 
to be tested by molecular methods. The usual 
inclusion of Pseudolucinisca as a subgenus of 
Callucina implies a close relationship. However, 
molecular results for Pseudolucinisca lacteola 
shows that it aligns near to the Anodontia clade 
and not with Lucinisca and many other shallow 
water lucinids (Williams et al. 2004; Taylor, Glover 
and Williams unpublished data). This result is 
incongruent with the classification of Chavan 
(1969) who placed Callucina and C. (Pseudolucinisca) 
within the subfamily Lucininae and the AnodoHfia 
group in the Milthinae. 

The distribution of Pseudolucinisca is restricted 
to southern and western Australia with two living 
species. For Callucina s.s there are three living 
species from the lndo-West Pacific province, 
C. winckworthi from Mauritius and the two 
new Australian tax a described here. On shell 
characters, the new Australian Callucina are 
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closely similar to the western Atlantic Caliucina 
keenae and it is reasonable, without other evidence, 
to group them in the same genus. 

Western Australia is known to harbour 
populations of invertebrates regarded as relicts of 
the Cenozoic Tethyan Ocean, notably stygobiont 
fish and copepods (Knott 1993; Humphreys 1999; 
Jaume et aL 2001). Amongst marine molluscan 
examples (Beesley et al. 1998) are Campanile 
symbolicum (Iredale 1917), Neotrigonia spp. and 
Diastoma melanioides (Reeve 1849). Caliucina species 
are known from the Palaeogene of Europe and 
North America and the Neogene of eastern North 
America (Bretsky 1976) and the Australian and 
Mauritius species may be a remnant of a former, 
wider distributional range. However, there is no 
known fossil record of the genus in the Indo- 
West Pacific. Similarly, fossil lucinids with shells 
superficially similar to Pseudolucinisca are known 
from the Miocene of southern France and Italy 
(Chavan 1959), although these all need critical 
reassessment. 
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Phreodrilidae (Clitellata: Annelida) in north-western Australia 
with descriptions of two new species 
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Abstract - Two new species of oligochaete (Clitellata: Annelida; Phreodrilidae) 
are described from subterranean waters of the Pilbara and Cape Range regions 
of Western Australia. Phreodrilus limuiei sp. nov. from the Pilbara, most closely 
resembles Phreodrilus peniculus Pinder 2003, also from the Pilbara, but is less 
widespread. Insulodrilus angela sp. nov. occurs primarily in groundwater, 
especially within the Ashburton catchment of the Pilbara, but was also 
collected from two Pilbara springs and from a cave on Cape Range. These, and 
other undescribed phreodrilids, suggest that north-western Australia, despite 
being an arid zone, is surprisingly rich in this Condwanan family. 


INTRODUCTION 

Thirty two species of Phreodrilidae (in 6 
genera) have been described from Australia to 
date (Pinder 2003b) but at least as many species 
again await description. The family Phreodrilidae 
is common in streams and lentic wetlands of 
temperate southern Australia and particularly 
diverse in Tasmania and south-western Australia 
(Pinder and Brinkhurst 1997). The concentration 
of species in the most temperate parts of Australia 
fits with the idea that the family is Good wan an in 
origin (Martin et al. 2008, Pinder and Brinkhurst 
1997). However, while the family is far less 
widespread in more xeric parts of Australia, 
new species are increasingly being collected 
from groundwater and groundwater associated 
wetlands outside of the temperate zones. Pinder 
(2003a) described the first endemic aquatic 
oligochaete, Phreodrilus pgnkulus, from the arid 
north-west of Western Australia. Examination 
of additional material has revealed the presence 
of numerous other oligochaetes in the region, 
including some new stygobiotic species. These 
are part of a regional stvgofauna that, with > 350 
species in the Pilbara, is particularly diverse bv 
world standards (Eberhard et al. 2005; Eberhard 
et at. in press; Humphreys 1999; Humphreys et 
td. 2005). In this paper, two new phreodrilids 
are described and the distribution of the family 
in the north-west is discussed. Undescribed 
phreodrilids mentioned in the discussion are 
coded as Phreodrilus WA12, Phreodrilus WA32, 
Insulodrilus WA35 and phreocirilid WA36 and will 
be described at a later stage. 

This material was collected during several 
projects: a survey of epigean and hypogean 


aquatic invertebrates of the Pilbara (Pilbara 
Biological Survey [PBS], Departmerit of 
Environment and Conservation; Eberhard et al. 
(in press) and unpublished data), the Monitoring 
of River Health Initiative (MEHE) and surveys by 
Dr W.F. Humphreys of the Western Australian 
Museum. 

METHODS 

Groundwater specimens were collected using 
haul nets as described in Eberhard et al. (in press) 
and preserved in 10034 ethanol. For the PBS bore 
sites, oxygen, redox and pH were measured in-situ 
using a Yeo-Cal meter and ionic composition and 
total dissolved solids were analysed from samples 
collected using a bailer. Surface water specimens 
were collected with a 250pm mesh sweep net 
and preserved in 100% ethanol. Specimens from 
New Mow bow ra Cave were collected by hand 
from floating root mats. Specimens were stained 
in Grenadier's borax carmine, dehydrated in 
isopropanol, cleared in Histoclear and slide 
mounted in Per mount. Drawings were made 
with the assistance of a drawing tube and 
measurements were made using Auto-Montage 
Pro 5.01(A) (The Synoptics Group 2003) with a JVC 
KY-E1030 video camera calibrated with a stage 
micrometer. 

Type material is deposited with the Western 
Australian Museum (WAM) and additional 
material is held by the Department of Environment 
and Conservation (DEC). Geographic coordinates 
were measured with a hand-held GPS using 
datum GDA94, except for New Mow bow ra Cave 
which was either AGD66 or AGD84. 

The following abbreviations are used 
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insulodrilus angefa from groundwater j^or surface water A 
Insulodrilus WA35 from groundwater Sm or surface water £ 



Phreodrilus peniculus from groundwater | or surface water 
Phreodrilus linnaei §f§ Phreodrilus WA32 A 
Phreodrilus WA12 ® 

immature Phreodrilus from groundwater X or surface water x 



Figure 1 Map showing collection localities for Insulodrilus spp. and an unidentified phreocirilid (top) and Phreodrilus 
spp- (bottom). Solid lines represent drainage basins as named. Immatures tentatively allocated to Insulodrilus 
or Phreodrilus on the basis of the form of the ventral chaetae. 
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throughout the text: a, atrium; bd, broad portion 
of spermathecal duct; c m. circular muscle 
on spermathecal duct; ed, ectal portion of 
spermathecal duct; ff, female funnel; md, median 
portion of spermathecal duct; mf. male funnel; p, 
pendant penis; pp, pseudopenis; sa, spermathecal 
ampulla; sd, spermathecal duct; sv, spermathecal 
vestibule; \, vas deferens. Roman numerals 
denote segment numbers, while numbers in 
Arabic separated by a slash refer to septa between 
segments. 

SYSTEMATICS 

Family Phreodrilidae Beddard 1891 
Phreodrilus Beddard 1891 

Phreodrilus Beddard 1891: 273. 

Type species 

Phreodrilus subterraneus Beddard 1891, by 
original designation. 

Remarks 

Phreodrilus was established for P. subterraneus by 
Beddard (1891) from groundwater in New Zealand 
but is now also known from another groundwater 
species in New Zealand, five from Australia (all 
but one epigean) and one groundwater species 
from the Arabian Peninsula (Martinez-Ansemil 
et al. 2002). The genus is one of the few currently 
recognised phreodrilid genera with a distinct 
apomorphy, the coiled protrusible pseudopenes 
within a muscular sac, which can be everted to 
form a copulatory organ greater than the body 
width. Phreodrilus peniculus was described from 
springs in the Pilbara (Finder 2003a) and has 
subsequently been collected from groundwater in 
the same region (Figure 1). 

Phreodrilus linnaei sp. nov. 

Figure 2 

Material examined 

/ /e/e/ 1 /; v 

Australia: Western Australia: Main Roads 
Department groundwater bore HMBR#1 on 
Hamersley Mount Bruce Road about half way 
between Karijini Drive and Nanutarra-Munjina 
Road (site PSS043 of PBS), Fortescue River 
catchment, 22°30'06.3"S 117°57'38.3"E, 21 November 
2002, collected using a haul net, M. Scanlon, j. 
Cocking (VVAM V7430; slide mounted). 

Ihuah/pes 

Australia: Western Australia : 2 specimens, 
collection details as for holotvpe ('VVAM V7431, 
V7432; slide mounted). 


Diagnosis 

The combination of a protrusible pseudopenis 
and a small pendant penis in P. linnaei is 
otherwise found only in P. pejiiculus, also from 
the Pilbara region. However, P. peniculus lacks an 
enlarged mid-portion of the spermathecal duct, 
has a broad uncoiled pseudopenis and has a larger 
body (up to 520 urn at X), larger anterior ventral 
chaetae (80-120 um) and shorter maximum hair 
length (up to 325 pm). The complex spermathecal 
ducts of P. linnaei , with the widened medial 
portion, are unique within the family. 

Description 

Length unknown, all specimens with posterior 
missing; width at III 200-210 pm and at XI 310— 
350 pm. !Customium bluntly conical to rounded. 
Pharynx heavily glandular and muscular in I and 
II, oesophagus thin walled in 111 -\ III, enlarging 
into intestine in VIII. Pharyngeal glands not 
heavily developed, located ventral and sometimes 
lateral in IV to V or VI. 

Ventral chaetae paired from II, one of each 
pair bifid, slightly sigmoid, with rudimentary 
upper tooth and distinct distal nodulus, the other 
sharply single-pointed, straighter and without 
nodulus, both 72-85 pm in anterior segments 
(Figure 2D). Ventral chaetae absent on XII, present 
but unmodified on XIII. Dorsal chaetae dorso¬ 
lateral from III, each bundle with 1-2 smooth 
hairs, each surrounded by a pair of support 
chaetae that do not emerge from the body wall. 
Flairs 180-524 pm long and 1.5 to 2.5 pm wide 
at body wall, tapering to a fine tip, generally 
increasing in size posteriorly over first few 
segments. 

Clitellum from 1/2X11 to end of XIII, clitellar 
epithelium 2-3 times width of somatic body wall 
and consisting of irregular ovoid to rectangular 
cells. All genitalia and pores paired. Male pores 
ventro-lateral halfway between 11/12 and 12/13 
in line with the ventral chaetae. Female pores 
and ducts not visible on types. Dorso-iaferal slit¬ 
shaped openings of the spermathecal vestihulae 
in intersegmental furrow 12/13, in line with 
dorsal chaetae. 

Testes and ovaries antero-ventro-lateral in 
XI and XII respectively. Developing sperm 
present from VI to XII. Ventro-lateral cup-shaped 
sperm-funnels on 11/12, each narrowing to a 
vas deferens of 8—13 pm width which enters 
pseudopenial sac entallv where sac meets atrium. 
Atrium (Figure 2A-a) consisting of a short blunt 
(85-108 pm x 24-50 pm) 'tail/ on the pseudopenial 
sac with uneven lining tissue, transforming into 
a pseudopenis (i.e. with lining tissue dissociated 
from muscular sac wall) just before joining the 
vas deferens. Fversible pseudopenis (Figure 
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Figure 2 Phreodrilus linnaei sp. nov.; A, male genitalia, based mostly on hototype other than ental atrium which is 
an interpretation from partly obscured and folded atria of the 3 type specimens; B, spermathecal duct of 
holotype; C, genitalia of holotype in situ, D, ventral chaetae of holotype, Scale lines: 50pm. 
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2A-pp) 15-30 pro wide, loosely coiled within sac 
and with ciliated lumen about t/3 width of duct. 
Sac up to 115 pm wide, narrower at either end, 
ec tally forming a duct (20-40 pm wide) containing 
the (now unci Hated) pseudopenis, the whole duct 
protruding into the penial sac to form a short 
(15-45 pm long x 25-26 pm wide) double-walled 
pendant penis occupying ’/-■ to V, of the penis 
sac. 

Spermathecal ampullae (Figure 2B-sa) elongate, 
with walls mostly consisting of lining tissue (4-6 
pm), muscle not visible, and loosely folded in 
XIV and XV, filled with sperm in loose masses in 
mated individuals. Ampulla narrowing ectallv 
to form a short duct (Figure 2B-md) of varying 
width (19-33 pm) and length (130-160 pm), with 
a narrow lumen, broader lining tissue and a 
circular muscle layer. The latter opens into a 
broader glandular section of duct (180-270 x 40-85 
pm) with large lining cells and a very thin muscle 
layer (Figure 2B-bd), which then narrows to form 
a loose duct (width 25-35 pm) (Figure 2B-ed). 
This duct covered by longitudinal muscles in its 
ectal portion which branch off as long thin fibres 
(Figure 2B-mf) that join the body wall at various 
points. 

Remarks 

The term protrusible pseudopenis was used by 
Brinkhurst (1965) to describe the portion of the 
male genital ducts that is a slightly to strongly 
coiled and ciliated tube within a thin-walled sac 
of Phreodrilus species. This tube is everted from 
the male pore during copulation. This has been 
thought of as a modification of the ectal part 
of the atrium, which is normally a glandular 
organ consisting of an inner layer of glandular 
lining cells around a lumen and an outer layer of 
muscle cells. Such a modification from atrium to 
protrusible penis could have arisen by separation 
of the lining tissue from the muscle tissue, 
leaving a tube (protrusible penis) within a tube 
(sac) (Brinkhurst 1965). However, the lumen of 
the standard atrium is never ciliated whereas 
vasa deferentia (which normally feed into the 
atria) are ciliated. This suggests that the mostly 
ciliated protrusible penes of Phreodrilus may in 
fact be highly modified vasa deferentia (P. Martin, 
Institut Royal des Sciences Nature lies de Belgique, 
pers. comm.) rather than atria. Cilia are absent 
from the most ectal part of the pseudopenis, but 
modified vasa deferentia of some of the species 
lack cilia ectally (Gustavsson and Erseus 1999). 
In most other aquatic oligoehnetes the penes are 
conical to elongate structures located within an 
invagination of the body wall at the external 
opening of the male duct and. often referred to 
as pendant penes. While the coiled structures 
present in Phreodrilus are clearly not homologous 


to pendant penes, they nonetheless perform a 
pen is-like function of sperm transfer and the term 
protrusible pseudopenis remains apt. 

The small pendant penis present in all 
specimens of P. peuiculus and P, Unnaei does not 
appear to be the same as the partially everted 
pseudopenis that is occasionally seen in other 
Phreodrilus specimens, e.g. as illustrated for 
Phreodrilus stocki (Martinez-Ansemil ei id. 2002). 

Water sampled from the type locality was 
neutral freshwater dominated by sodium and 
bicarbonate (Table 1). 

Etymology 

Named in honour of Carolus Linnaeus (1707- 
1778) on the 250th anniversary of the publication 
of the I O'" edition of Si/stenia Naturae and the 300 th 
anniversary of his birth. 

Insulodrilus Brinkhurst 1991 

Insuiodrihek Brinkhurst 1991: 2040. 

Type species 

Phreodrilus lacustris Benham 1903, by original 
designation. 

Remarks 

Insulodrilus was established following a 
phylogenetic analysis by Brinkhurst (1991) for 
species with pendant penes and with female 
pores not located within the (generally small) 
sperm a thecal vestihulae. However, Brinkhurst 
noted that this grouping was probably 
paraphyletic and only an interim conservative 
measure'. Species of the otherwise similar 
Astacopsidrilus (Goddard, 1909) are distinguished 
from Insulodrilus by the presence of female 
pores that are located within greatly enlarged 
sperma thecal vestihulae. However, these are 
characters of degree and some lusulodrilus have 
well developed spermathecal ampulla and some 
Asiacopsidrilus have female pores spermathecal 
pores only just within or co-incident with the 
openings of the vestihulae. Future analyses of the 
family Phreodrilidae will most likely result in 
these genera being synonymised or (perhaps more 
likely) split into multiple smaller genera. The new 
species below has moderately well developed 
vestihulae with separate female pores. The genus 
occurs in New Zealand, South America, Africa 
and Australia. Eight species have previously been 
described from Australia, with most known only 
from Tasmania. 

Insulodrilus angel a sp. nov. 

Figure 3 
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Material examined 

Holotype 

Australia: Western Australia: bore WAWB51, 
West Angela mine site, approximately 100 km 
NW of Newman (PBS site PSS167), 23 o 09’11.6"S, 
118°44 , 51.3"E / 14 October 2004, H. Barron, J. Cocking 
(WAM V7433, slide mounted (left coverslip). 

Paratypes 

Australia: Western Australia:, 1 specimen 
on same slide (right coverslip) as holotype, 
collection details as for holotype (WAM V7434); 2 
specimens, Nyeetbury Spring (site PSW016 of PBS), 
21°5r29"S, 116°30'57"E, 15 May 2005, A. Pinder, J. 
McRae (WAM V7435, slide mounted); 1 specimen, 
Nyeetbury Spring (site ONS03 of MRHI), 21°51 , 36 ,, S / 
116°30’42"E, 11 May 1996, W. Kay, M. Smith (WAM 
V7436; slide mounted); 1 specimen. Bore WB32, 
West Angelas Mine, Pilbara, 23°09’48 M S, 118°41'05"E, 
6 October 1998, S. Eberhard (WAM V7437; slide 
mounted); 1 specimen, Bore YR15/73 (site PSS132 
of PBS), Yule River borefield, Pilbara, 20°32T9.2"S, 
118°13' 02.1’'E, 12 October 2004, ). Cocking, H. 
Barron (WAM V7438; slide mounted); 1 specimen, 
Limestone Bore (site PSS394 of PBS), Pilbara, 
22°43'32.6"S, 118°48'02.4"E, 20 August 2004, M. 
Scanlon, H. Barron (WAM V7439; slide mounted); 
1 specimen, floating root mat in New Mowbowra 
Cave, a non-anchialine cave on the coastal plain 
on the eastern side of Cape Range, 21°59’34”S, 
114°07'19"E, 26 June 1993, W. Humphreys (WAM 
V7440; slide mounted). 

Other material examined 

Australia: Western Australia: 2 specimens, 
Millstream Delta (PBS site PSW011, a warm 
spring). Midstream National Park, Pilbara, 
21°34'58"S, 117°04 , 08"E, 24 August 2003, A. Pinder, 
J. McRae (DEC slide 68); 1 specimen, Limestone 
Bore (site PSS394 of PBS), Pilbara, 22°43’32.6' , S, 
118°48'02.4"E, 20 August 2004, M. Scanlon, H. 
Barron (DEC slide 188); 1 specimen. Bore TCS002 
(site PSS388 of PBS), 23 o 33'06.8 M S, 118°15’16.7 ,, E, 9 
May 2005, M. Scanlon, H. Barron (DEC slide 202). 

Diagnosis 

Insulodrilus angela differs from other described 
tnsutodrilus primarily in the size and form of 
the spermathecal vestibule and the un-modified 
somatic chaetae. Other species lacking modified 
somatic chaetae are I. lacustris S, Sir. (see 
Remarks), I. martensi Martin and Giani 1995 
(from Africa, with alveolate penes, thickened 
septa in the genital region and short stiff hairs), 
}. genitalisetifera Martin and Brinkhurst 1994 
(also from Africa, with genital chaetae in XI 
and XIII and an alveolate penis) and Insulodrilus 


litoralis Michaelsen 1903 (from the subantarctic 
Campbell Island, with long slender atria, 
smaller spermathecal vestibulae and ventral 
chaetae as described for lacustris). 

Description 

Body of slide-mounted specimens 170-290 pm 
wide at III, 225-375 pm wide at X, most specimens 
missing posterior but one complete specimen 
6.05mm. Prostomium rounded and conical, 
pharynx in III, strongly muscular posteriorly with 
thick muscle connections to dorso-lateral body 
wall of II-V. Pharyngeal glands on lower half of 
anterior and posterior sides of septa 4/5 to 6/7 
or 7/8 and laterally on oesophagus in V to VII. 
Oesophagus widening into gut in VIII-X. 

Ventral chaetae (55-80 pm) from II, all paired 
and bifid with small but distinct upper teeth 
(Figure 3A). Ventral chaetae of XIII modified: one 
long (85-105 pm) and hollow tipped, protruding 
either end of the large spermathecal chaetal 
gland, the other short and not protruding. Ventral 
chaetae of XII absent. Dorsal chaetae from III, 1 
to 2 smooth hairs, each surrounded by a pair of 
support chaetae, mostly 110-480 pm long (rarely 
shorter), tapering evenly to a fine tip. 

Genitalia paired. Male pores ventro-lateral 
in posterior third of XII in line with the ventral 
chaetae. Testes antero-ventral in XI, ovaries 
antero-ventral in XII. Female ducts penetrate 
12/13 to exit at pores immediately anterior of the 
opening of the spermathecal vestibule antero- 
ventral on XIII in line with the ventral chaetae 
(Figure 3B-ff). Thin clitellum from Vz XII to end of 
XIII, not developed ventrally on XII. 

Narrow (7.5 to 9.5pm) ciliated vas deferens 
(Figure 3B-v) joins elongate (35-44 pm wide, 
270-540 pm long) unciliated atrium (Figure 3B-a) 
as the latter narrows just before entering penis 
(join not visible on holotype but seen on some 
paratypes). Atrium with lumen of variable width, 
probably reflecting reproductive stage. Slender 
pendant penis occupying most of the penis sac. 
Spermathecal vestibule vase-shaped ectally 
(Figure 3B-sv) with longitudinal muscle layer and 
numerous muscle filaments extending from the 
vestibule to the dorso-lateral body wall and septa. 
The vestibule dilated at its dorsal extremity and 
surrounded by circular muscle tissue (Figure 3B- 
cm), bending posteriorly to join a spermathecal 
duct (Figure 3B-sd) above the spermathecal 
chaetal gland. Ducts joining voluminous ampullae 
in XIV, which extends into at least XV. Sperm in 
loose oval bundles in ampulla. 

Remarks 

These specimens were at first identified as 
Insulodrilus lacustris s. /., the suffix indicating that 
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Figure 3 Insulodrilus angela sp. nov.: A, ventral chaeta; B, genitalia, excluding the spermathecal ampulla. Scale lines: A, 
20pm; B, 100pm. 


this name has been given to what now appears to 
be a complex of similar species in Australia. 

Despite indications to the contrary by Finder and 
Brinkhurst (1997), the Australian specimens differ 
from I. lacustris s. sir. (as described by Benham, 
1903 from New Zealand specimens) in a number 
of respects. In contrast to all Australian forms, 
1. lacustris has narrow and simple spermathecal 
vestibulae, hardly differentiated from the duct 
apart from the presence of longitudinal muscles in 
the former and circular muscles in the latter. They 
also have dorsal chaetae that project only M to 
1/3 the body height and scarcely half the segment 
length (whereas most Australian forms have the 
hair chaetae as long as or longer than the body 
height) and have anterior ventral chaetae with 
one chaeta of a pair clearly bifid and the other 
almost simple (just a rudimentary hint of a tooth) 
whereas in Australian specimens both chaetae in 
all ventral pairs are always distinctly bifid. 

The several forms of lacustris-Uke lnsulodrilus 
in Australia differ in the extent of development 
of the spermathecal vestibule and ducts, length 
of the atrium, body size, chaeta 1 size and a 
number of other features. The states of these 
characters seem be consistent and distinct within 
geographic regions and sufficient to recognise a 
number of species, including L angela and another 
undescribed Pilbara species Insulodrilus WA35. 
Almost all phreodrilids have limited geographic 


distributions (Pinder and Brinkhurst, 1997; Finder 
2001) and the recognition that the Australian 
"lacustris" are in fact multiple endemic species fits 
this pattern. 

All specimens were collected in c.ircum-neutral 
fresh to slightly brackish (<2.4g/l.) water with 
variable ionic composition, including dominance 
by sodium with bicarbonate, or magnesium with 
chloride, sulphate or bicarbonate. 

Etymology 

This species is named after the type locality, a 
bore near West Angela Hill. 

DISCUSSION 

The global distribution of the Phreodrilidae 
indicates a Gondwanan origin (Martin cl nL 2008. 
Pinder and Brinkhurst 1997) and, to date, the 
majority of species have been found in places 
that seem to offer refugia from past or present 
aridity: alpine areas, high southern latitudes, 
groundwater or deep lakes. Astacopsidrilus eduumli 
Pinder 2003, which occurs in ephemeral seepages 
on granite outcrops, is an apparent exception, 
though nothing is known of where it survives 
when the seepages are dry. The occurrence of 
seven (mostly still undescribed) phreodrilids 
in the arid Pilbara is further evidence that the 
family occurs more widely within Australia than 
previously thought. Their occurrence mostly 
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in groundwater associated habitats fits with a 
general pattern of taxa of presumed Gondwanan 
origin occurring preferentially in refugial/ 
relictual habitats when they occur in arid zones 
[e.g., some water mites (Harvey 1998) and 
phreatoicid isopods (Knott and Halse 1999)]. Three 
of the Pilbara phreodrilids have been collected 
only in groundwater, and another two have been 
collected only in groundwater plus springs and 
spring fed pools. Only the undescribed Phreodrilus 
WA12 has not been found in groundwater to ciate 
but its only known locality is a spring-fed creek. 
Phreodrilus peniculus is particularly widespread in 
the region's surface waters, including deep gorge 
pools, springs, spring fed pools and river pools 
without a flowing spring but which are probably 
permanent as a result of hyporheic inflow. There 
is a single record of an immature specimen from 
a seasonal turbid creek pool with no obvious 
groundwater influence. 

Eberhard et ai (in press) discuss the difficulty of 
determining the ranges of groundwater species, 
particularly in relation to sampling effort. Their 
analyses indicated that 70% of stygal species 
may have ranges <10,000km 2 (which Harvey 
(2002) proposed as an upper threshold for short 
range endemism). This has impact assessment 
implications for the many resource developments 
in the Pilbara that are dewatering aquifers. Three 
phreodrilids may have small ranges (Figure 
1): P. linnaei is presently known only from its 
groundwater type locality, the undescribed 
Phreodrilus WA12 is known only from two springs 
(one on the Robe River and one on the adjacent 
lower Fortescue River) and Phreodrilus WA32 is 
known from two groundwater bores in close 
proximity on the coastal plain near the Cane 
River. Phreodrilid WA36 is more widespread 
but also infrequently collected and known only 
from groundwater. Insulodrilus angela and the 
undescribed Insulodrilus WA35 are widespread, 
common and found in groundwater and (less 
frequently) surface waters (Figure 1). Insulodrilus 
angela occurs in at least four drainage basins in 
the Pilbara plus a cave on Cape Range. Insulodrilus 
WA35 occurs mostly in groundwater of two 
basins (DeGrey and Port Hedland Coast) whose 
floodwaters occasionally merge in their lower 
reaches, but one record in a groundwater-fed 
pool is a geographic outlier separated from 
other records by the eastern Hamersley Ranges. 
Phreodrilus peniculus appears to be the most 
common and widespread species (Figure 1). 
Immature specimens with chaetae resembling 
Insulodrilus (both chaetae of a pair bifid) or 
Phreodrilus (one simple and one bifid chaeta in 
each bundle) have been found across the Pilbara. 
These may just be jmmatures of the already 
common species but their wide distribution 
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indicates that the full picture of phreodrilid 
distributions in the Pi 1 bar a is yet to be revealed. 

Springs fed by discharging groundwater 
or hyporheie flow are present throughout the 
Pi I bar a region and the occurrence of the same 
phreodrilid species in both these springs and in 
groundwater suggests that the springs are a portal 
for movement between surface a net groundwater. 
Hpigean movement within catchments, and 
between catchments when coastal flood waters 
merge, would also be enhanced by the regular 
and severe floods resulting from cyclonic rains. 
Changes to flow paths and isolation of ancient 
river tributaries by rising sea levels have perhaps 
also contributed to the occurrence of these 
species across present catchment divides. For 
example, the Fortescue River formerly flowed 
to the coast via what is now the lower Robe 
River but is now entirely separate. Similarly, the 
Ashburton River, which now flows to the coast 
near Onslow, is believed to have been in dose 
proximity to Cape Range between the Middle 
Miocene and Late Pleistocene (Wyrwoil el al. 
1993), bringing it much closer to the record of /. 
angela from the Cape. Knott (1993) advanced the 
latter concept as an explanation for the presence 
of the limnostygobiont shrimp Stygiocaris stylifera 
and two subterranean fish species on the Cape, 
all three of which co-occurred with /. angela in 
New Mow bow ra Cave (W.F. Humphreys, Western 
Australian Museum, pers. comm.). 
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Abstract - A new sponge species, Chondrilla linnaei , from Australia is 
described. Chondrilla australiensis Carter 1873 and C seeunda Lend enfold 1885 
are redescribed with reference to type and new material. The synonymy of 
C. corticate and C. papillata with C. australiensis is confirmed. Two species 
previously described from Australia, C. mixta and C. nucula are discussed, with 
the conclusion that C. nucula is unlikely to occur in Australia. The descriptions 
of the species incorporate previous molecular results. Information about 
symbiont relationships and the biogeographical distribution of the species is 
discussed. 

Keywords: taxonomy, -y sterna tics, sponges, Porifera, Chondrilla 


INTRODUCTION 

Approximately twenty species of Chondrilla 
Schmidt 1862 appear to be valid worldwide 
(Boury-Esnault 2002). However, the morphology 
and skeletal structures of this genus and its 
sister genus ( Chondrosia) are remarkably uniform, 
with few characters useful for differentiation 
at the species level. Consequently at least two 
species of Chondrilla have been considered to be 
globally widespread. The type species, C. nucula 
Schmidt 1862 was thought to have a cosmopolitan 
distribution, and C. australiensis Carter 1873 
was reported with a widespread In do-Pacific 
distribution (Hooper and Wiedenmayer 1994). 
Recent genetic studies have reduced the known 
distribution of C. nucula to the Mediterranean Sea 
(Klautau et al. 1999). 

Six species of the genus Chondrilla have been 
reported from Australian waters. These include 
C. australiensis, C. seeunda Lendenfeld 1885 
and C. nucula from mainland Australia, and C. 
mixta Schulze 1877 from Christmas island, an 
Australian Territory in the Indian Ocean. Two 
others, C. papillata Lendenfeld 1885 and C. corticata 
Lendenfeld 1885, are regarded as synonyms of C. 
australiensis (Burton 1924). On the basis of DIM A 
sequence anafvses of Chondrilla specimens from 
Australian waters. Usher et at. (2004a) suggested 


the presence of three species: C. australiensis 
and two unidentified species described here. A 
specimen collected from Australia and previously 
identified as C. nucula was examined and found 
to be the new species described in this paper. 
Although fieldwork was undertaken at Christmas 
Island C. mixta was not found. This study reports 
three valid species of Chondrilla from mainland 
Australia: C. australiensis , C. seeunda and C. linnaei. 
The occurrence of C. mixta in Australian waters 
was not resolved. 

Species of Chondrilla have been reported 
from shallow waters {< 50 m depth) in tropical, 
subtropical and temperate zones, but rarely in 
deeper waters (Boury-Esnault 2002). Many species 
are considered to be cryptic, occurring on vertical 
walls, at cave entrances, and under rocks (Boury- 
Esnault 2002). In south Western Australia C. 
australiensis is a major space occupant of many 
temperate limestone reef habitats, and forms large 
encrustations in shallow depths (1-20 m) in full 
light and shaded environments (Usher et al. 2001). 
Individuals of this species have been reported to 
provide refuge for a wide range of invertebrates 
including brittle stars, molluscs and shrimp 
(Edgar 1997), and to be a food item for species 
of the cowrie genus Zmila (Wilson and Clarkson 
2004). Chondrilla aft. nucula from Caribbean coral 
reefs have been found to be a preferred food of 
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the Hawksbill turtle (Meylan 1988) and some 
fishes (Randall and Hartman 1968). 

Species of Chondrilla have been reported to 
have abundant populations of symbiotic bacteria 
in their mesohyl (Boury-Esnault 2002), and C. 
austmliensis has been found to have both bacteria 
(Dey et ah 2004) and symbiotic cyanobacteria 
(Usher et al. 2001, 2004c). Cyanobacteria 1 symbionts 
are thought to aid in the rapid growth of larvae at 
settlement (Wilkinson 1992), and to provide an 
advantage to adult sponges in competition with 
algae and other photosynthetic organisms for 
substrate in high light areas (Wilkinson 1983). In 
February 1998 a bleaching event was reported for 
a population of C. ausiraliensis at Fremantle (south 
Western Australia), which coincided with a global 
hard and soft coral bleaching event (Fromont and 
Garson 1999). 

Recently, Chondrilla, Chondrosia and two other 
genera were united in a monophyletic order, 
Chondrosida, based on molecular data (Boury- 
Esnault and Lopes 1985), and containing a 
single valid family, Chondrillidae Gray 1872. 
Prior to 1985 the family was located in the order 
Hadromerida but its affinities to this order were 
not clear. 

This study documents species of Chondrilla 
recently collected from Australian waters. Type 
material of species reported from Australia has 
been examined and reallocated where necessary. 
Species currently known to occur in Australia 
are described and a preliminary assessment of 
the biogeography of each species is provided. 
The study also draws on previously published 
molecular data sets (Usher et al. 2004a) and 
various biological characters such as symbiont 
relationships, reproductive biology and ecological 
distributions. 

MATERIALS AND METHODS 

Preserved material from various museums 
(listed at the end of this section) was examined 
during the course of this study. Collected 
specimens were preserved in 70% ethanol. Skeletal 
structure and spicule morphology were examined 
using light microscopy and scanning electron 
microscopy (SEM). Spicules were prepared by 
boiling small pieces of sponge (including the 
ectosome and choanosome) in concentrated nitric 
acid, followed by two consecutive washes with 
both distilled water and absolute alcohol. The 
resulting spicule extracts were dried on a glass 
slide and mounted in Shandon EZ-Mount (Thermo 
Electron Corporation). Spicule dimensions were 
determined by measurement of 20 randomly 
selected spicules per specimen using an eyepiece 
graticule with an Olympus BX50 microscope. 
Clean spicules were spread on coverslips or 
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double-sided carbon tape attached to SEM stubs, 
dried at 70°C and sputter coated with gold prior 
to examination with a Philips SEM 505 or a Zeiss 
1555 SUPRA Variable Pressure SEM operating at 
15 kV. Images were recorded electronically. 

The skeleton was prepared for examination by 
cutting a representative section at right angles 
to the surface of the sponge. The section was 
dehydrated through an ascending ethanol series, 
cleared in xylene and infiltrated in paraffin wax 
(Shandon Histoplast) using an automatic tissue 
processor on a nine hour cycle. The sponge 
tissue was further infiltrated with paraffin 
under a vacuum of 635 mm Hg for 30 min prior 
to embedding. Blocks were sectioned at 90 pm 
thickness with a Leitz slide microtome, and 
section rolling was eliminated by placing filter 
paper, moistened with distilled water, on top of 
the paraffin block. Sections were placed on a glass 
slide smeared with egg albumin for adhesion, 
dried overnight at 60°C, and dehydrated in two 
changes of xylene. Sections were mounted in 
Shandon EZ-Mount and examined using light 
microscopy- Images were recorded with a Leica 
DFC420 camera on a Leica DME microscope and 
saved electronically. 

All sequences are available on GenBank 
(accession numbers, D2 region: AY190190- 
AY190224, ITS region: AY190225-AY190239). 
Methods to determine sequence comparisons 
and phylogenetic trees are detailed in Usher et al. 
(2004a). 

Abbreviations used in the text: AM, Australian 
Museum, Sydney, Australia; BMNH, Natural 
History Museum, London, United Kingdom; 
LMJG, Landesmuseum Joanneum, Graz, Austria; 
NMV, National Museum of Victoria, Melbourne, 
Australia; NTM, Northern Territory Museum 
of Arts and Sciences, Darwin, Australia; SAM, 
South Australian Museum, Adelaide, Australia; 
WAM, Western Australian Museum, Perth, 
Australia; ZMB, Museum fuer Naturkunde, Berlin, 
Germany. 

SYSTEMATICS 

Order Chondrosida Boury-Esnault and Lopes 1985 
Family Chondrillidae Schmidt 1862 
Chondrilla Schmidt 1862 

Type species 

Chondrilla nucula Schmidt, 1862 (subsequent 
designation by de Laubenfels, 1936). 

Chondrilla linnaei sp. nov. 

Figures la, lb, 2-4 
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Figure 1 Whole specimen images of Australian Chondrilla. A. C. linnaei in situ. B. Holotype (WAM Z13267) of C. linnaei 
after preservation in ethanol. C. C. secunda in situ. D. C. secunda after preservation in ethanol (WAM Z13262). 
E. C. australiensis in situ. F. C. australiensis in situ, maroon form. 
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Material examined 

Holotype 

Australia: Western Australia: 5 pieces, in cave. 
Twilight Cove, Esperance, 33°51.'S, 121°55'E, 9.2 
m depth, K. Usher, SCUBA, 3 May 2001 (WAM 
Z13267). 

Par a types 

Australia: South Australia: 1 specimen. 
Western River Cove, Kangaroo Island, 35°40'S, 
136°57’E, 3-11 m depth, K. Usher, SCUBA, 8 
November 2001 (SAM S1106, ex WAM Z13276). 
Western Australia: 3 pieces. Mistaken Island, 
Albany, 35°03'S, 117°58'E, 8.0 m depth, K. Usher, 
SCUBA, 6 May 2001 (WAM Z13256); 1 specimen, 
under Busselton jetty, 33°30’S, 115°10 E, 8.0 m 
depth, K. Usher, SCUBA, 21 February 2001 (WAM 
Z13259); 2 pieces, station JWAM08 transect 1, 
Essex Rocks Jurien, 30°21.15'S, 114°59.30’E, 7-11 m, 
J. Fromont, SCUBA, 1 May 2005 (WAM Z31397). 

Other material examined 

Australia: Tasmania: 1 specimen, Maria Island, 
ca. 42°38'S, 148°05’E (BMNH 1925.11.1.1331); South 
Australia: 1 specimen. Western River Cove, 
Kangaroo Island, 35°40'S, 136°57'E, 9.0 m depth, K. 
Usher, SCUBA, 8 May 2001 (WAM Z13275). 

Diagnosis 

Chondrilla linnaei is characterised by always 
forming small, discrete encrusting mounds 
or lobes, a finely speckled surface in darker 
shades of brown with a lighter interior, and 
small oxysphaerasters as the only spicule type. 
Diameter from ray tip to opposing ray tip varies 
among specimens (range 15.7-18.4 pm, mean 17.6 
pm, n = 140). 

Description 

Habitus as in Figure la, b. Thickly encrusting 
with a smooth, shiny surface. Individuals tend 
to form small thick discrete encrustations or 
low lobes up to 30 mm high with apical oscules 
approximately 3 mm wide in preserved sponges. 
Oscules may have slightly raised rims up to 1 mm 
in height. Dimensions: The holotype consists of five 
discrete lobes, the largest of which is 45 X 20 X 18 
mm high. Texture: soft alive, but firm, compressible 
and springy after preservation. Sponges have a 
dense compact interior with fine internal canals. 
Colour: finely speckled shades of brown to dark 
brown with a cream, fawn or brown interior. WAM 
Z13256 has an orange tinge. Some specimens are 
pigmented throughout the choanosome, with 
more dense pigmentation towards the surface 
and around internal canals, although degree of 
pigmentation varies among specimens. 


J. Fromont, K.L. Usher, D.C. Sutton, S. Toze, J. Kuo 

General organisation: (Figure 2a, b). Ectosome; 
oxysphaerasters form a single layer at the surface 
or are sparsely distributed throughout this 
layer. This region is 320-1000 pm thick and is 
usually apparent macroscopically. Choanosome: 
oxysphaerasters are distributed throughout the 
choanosome, but tend to be more numerous 
around internal canals, where they may form 
a single boundary layer. The mesohyl of the 
choanosome is clearly differentiated from the 
ectosome. 

Spicules: (Figure 2c-e). Oxysphaerasters usually 
with fine sharply pointed spines, occasionally 
with blunt spines and a more ball-like shape. 
Diameter from ray tip to opposing ray tip varies 
among specimens (range 15.7-18.4 pm, mean 17.6 
pm, n = 140) (Table 1). 

Cyanobacteria: sponges were found to contain 
cyanobacteria in low concentrations with 99.7% 
partial sequence similarity to Synechococcus WH 
8103 (Genbank), a species which occurs in the 
water column (Usher et al. 2004c). 

Remarks 

This species is comparable in spicule type to 
Chondrilla nucula Schmidt 1862 having a single 
size category of oxysphaeraster. The specimen 
from Tasmania examined in this study (BMNH 
1925.11.1.1331) was previously identified as C. 
nucula by Shaw. We examined that specimen and 
have assigned it to the new species C. linnaei. 
Chondrilla nucula has also been reported from the 
Great Barrier Reef (Burton 1934). This material 
requires checking but it is unlikely that C. nucula 
is present in Australia, and more likely that early 
records are of a different species, possibly the new 
species described here. 

We compared our specimens of Chondrilla 
linnaei to the type material of C. nucula, type 
locality Adriatic Sea (holotype LMJG 15108/0 and 
paratypes LMJG 15687/0 and BMNH 1867.7.26.1). 
The average size of the oxysphaerasters of these 
specimens was 27, 26 and 31 pm, respectively 
(n = 20) (Table 1, Figure 2f). We also obtained 
recently collected fresh material of C. nucula from 
Marseille and Portofino in the Mediterranean 
(WAM Z13268 and Z13261, respectively) and 
found similar average spicule sizes (26 and 25 
pm, respectively; n = 20) to the type material. 
Sequences of these C. nucula specimens showed 
100% similarity to each other and 89.1% similarity 
to the C. linnaei holotype Z13267 (Figure 3). The 
two species are clearly differentiated by spicule 
morphology and size, molecular dissimilarity, 
and geographic locality. 

We also examined a specimen of Chondrilla 
from Bermuda (BMNH 1948.8.6.55) and found 
oxysphaerasters with an average size of 23 pm 
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Figure 2 Internal organisation and spicules of Chondrilla linnaei. A. Internal organisation of the holotype (WAM Z13267), 
scale bar = 50 pm, spicules indicated by arrow. B, Internal organisation of a paratype (WAM Z13276) scale bar 
= 50 pm, spicules indicated by arrow. C. Spicules of the holotype (WAM Z13267), scale bar = 20 pm. D. SEM 
image of spicules of the holotype (WAM Z13267), scale bar = 10 pm. E. SEM image of spicules of a paratype 
(WAM Z13275), scale bar = 10 pm. F. SEM image of spicules of C. nucula , (LMJG 15108/0), scale bar = 20 pm. 
























Table 1 Spicule dimensions of Chondrilla linnaei, Chondrilla nucula and Chondrilla sp. 1 


Chondrilla linnaei 

Chondrilla nucula 

Chondrilla sp. 


BMNH 

SAM 

WAM 

WAM 

WAM 

WAM 

WAM 

BMNH 

LMJG 

LMJG 

WAM 

WAM 

BMNH 


1925.11.1.1331 

S1106 

Z13275 

Z13267 

Z13256 

Z13259 

Z31397 

1867.7.26.1 

15687/0 

15108/0 

Z13261 

Z13268 

1948.8.6.55 


20 

15 

1.8 

20 

18 

18 

18 

30 

25 

28 

25 

25 

20 


18 

20 

18 

18 

15 

13 
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18 

15 

18 
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25 

28 
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18 
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18 
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30 
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28 
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20 
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33 

28 

28 
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28 
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20 

20 

18 

15 

18 

18 

20 
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28 

25 

25 

23 


18 
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18 
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15 

20 

33 
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30 
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28 

25 


18 

15 

20 

18 

18 

15 

20 

28 
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30 
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30 

30 
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28 
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25 

25 


15 

18 

15 

20 

18 

18 

20 

25 

25 

25 

25 

25 

20 

Mean 

18.3 

17.9 

18.4 

17.6 

17.6 

15.7 

17.7 

31.2 

25.9 

27.0 

25.2 

26.1 

23.1 

SD 

1.5 

1.9 

1.5 

1.7 

1.5 

1.9 

1.8 

3.3 

1.9 

2.3 

1.9 

3.9 

2.9 

Range 

15-20 

15-20 

15-20 

15-20 

15-20 

13-18 

15-20 

25-35 

23-30 

23-30 

20-28 

13-30 

20-30 

1 n = 20 
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WAM Z13256 AJbarry 


100 


WAM Z13267 Esperance 


99 


WAM Z13259 BusseSton 


SAM S1106 Kangaroo Is 


WAM Z13275 Kangaroo Is 


98 


Chondrilla sp , Bermuda 


100 


C nucula WAM Z 13268 Marseille 


C nucula WAM Z13261 Porlofino 


Figures Phylogenetic tree of Chondrilla linnaci 
specimens produced with MrBayes, using 
the C2D2 region of 28S rDNA. Confidence 
levels ore given at nodes. Scale bar = 0.1 
substitutions per site. 


(n = 20) {Table 1). Molecular results from this 
specimen showed it to be distinct from C. nucula 
(91.1% similarity) and C. linnaci (91.5 % similarity 
to the C. Ihmaei holotype), and we suggest it 
is another new species of Chondrilla awaiting 
formal description. Chondrilla nucula, C. linuaci 
and Chondrilla sp. from Bermuda all formed a 
cluster in the C 21)2 and ITS phylogenetic analyses 
(although the Bermuda sample was not included 
in the ITS tree, Usher ct al. 2004a) and all have the 
same spicule complement, although spicule size 
is distinctive and geographic separation is verv 
large (Figure 3). 

Kumar (1925) described Chondrilla kilakdna from 
south India with oxvsphaerasters as the only 
spicule type. This is a very thin, encrusting species 
from tropical coral reefs. Chondrilla kilakaria differs 
from C. liftmei in having, a thin encrusting growth 
form, a tropical habit and larger oxysphaerasters 
(20.24 pm compared to the mean size of 17.6 


um for C. linnaci). This is the only other species 
of Chondrilla with oxysphaerasters as the only 
spicule type to have been described from the 
Indian Ocean. 

1 he rDNA sequences of Western Australian 
specimens of C. linnaci were 100% similar to 
each other. The two South Australian specimens 
had 97.7'% similarity to the Western Australian 

specimens. 1.lowever, as 5 of the 8 "mismatches” 

in these sequences included uncertain base pairs, 
the true sequence similarity may he higher. 
Alternatively, Kangaroo Island (South Australia) 
and Esperance (Western Australia) are separated 
by an approximate distance of 16(H) km around 
the coastline of the Cm eat Australian Bight (Figure 
4) and it is possible that special ion is occurring 
between these populations. 

Distribution and habitat 

Chondrilla linnaci is found in Tasmania and 
South Australia, and in south Western Australia as 
far north as Jurien Bay (Figure 4). It is a temperate 
species occurring on heavily shaded rock faces, 
under jetties and in caves at depths less than 1.5 m. 
(Usher et al. 2004a). This species is rare. 

Etymology 

Named in honour of Carolus Linnaeus and the 
250 fh anniversary of the publication of Si/stema 
Naturae. 

Chondrilla secunda Lendenfeld 1885 

Figures 1c d, 4-5 

Chondrilla secunda Lendenfeld 1885: 15, plate 4, 
figures 10—12; Hooper and Wiedenmaver 1994: 
125. 

Material examined 

Lectoh/pe 

Australia: Victoria: piece of a specimen and 
four slides, Fort Phillip Bay ea. 38°Q9'S, 144 M F 
(ZMB For 1131). 

Paralcctotypes 

Australia: Victoria: three slides, Fort Phillip 

Bay, ca. 38°09'S, 144 52T. (IAIN1.1 86.6.795 BMNH 

86.6.7,96, BMNf1 1954.2.10,15). 

Other material examined 

Australia: Western Australia: 2 pieces, Cape Fe 
Grande, Esperance, 74 0FS, 122 07T:, 6.4 m depth, 
K. Usher, SCUBA, 2 May 2001 (WAM Z/13264); 2 
pieces, Two People's Bay, Albany, 34757‘S, 118°TEE, 
11.2 m depth, K. Usher, SCUBA, 8 May 2001 (WAM 
Z13262); 2 pieces, in awe, Mistaken Island, Albany, 
35°03'S, 117 5847 6.2 m depth, K. Usher, SCUBA, 

























40°Q'Q"S 30"0’0"S 20 , 0’0 ,, S liTQ'CTS 


476 


J. Fromont, K.L. Usher, D.C. Sutton, S. Toze, J. Kuo 


11 OWE 

_I_ 


120°0'0"E 


150°0’0"E 

I 


Western 

Australia 


$ 

O 

★ 


★ Chondrilia linnaei 

C Chondrilia australiensis 

— Chondrilia secunda 


Northern 

Territory 


South 

Australia 


Great Australian Bight 


Southern Ocean 


Queensland 


New South 
Wales 


Bass St rat 


Tasmania 


Pacific Ocean 


,Q 


- 1 - 

120°0'0”E 


Figure 4 Map of distributions of Australian species of Chondrilia. 


6 May 2001 (WAM Z13270); 1 specimen. Mistaken 
Island, Albany, 35°03'S, 117 °58’E, 2.3 m depth, K. 
Usher, SCUBA, 6 May 2001 (AM Z.6973 ex WAM 
Z13271); 1 specimen, in cave. Two People's Bay, 
Albany, 3457'S, 118 TIT, 20.5 m depth, K. Usher, 
SCUBA, 5 May 2001 (BMNH 2008.9.15.1 ex WAM 
Z13273); 1 specimen, station SC18, Marmion 
Lagoon, 31°50'S, 115 °45'E, 4-10 m depth, collector 
L. McQuillan, SCUBA, 31 October 1999 (WAM 
Z12501); 2 pieces, station JWAM05, transect 3, 
Booka Rocks, Jurien, 30°17.85'S, 115°01.17T, 7 m 
depth, J. Fromont, SCUBA, 28 April 2005 (WAM 
Z31396). Victoria: 2 pieces. Cottage by the 
Sea, Queenscliff, 38°16'S, 144°40’E, 5.4 m depth, 
collector K. Usher, SCUBA, 15 November 2001 
(NMV FI57468, exWAM Z13260). South Australia: 
1 specimen, Western River Cove, Kangaroo Island, 
35°40'S, 136°57'E, 3-11 m depth, K. Usher, SCUBA, 
8 November 2001 (SAM SI 107, exWAM Z13274); 
1 specimen, prawn trawl out of Cowell, Spencer 
Gulf, ca. 33°41'S, 136°55T 40 m depth, 16 April 
1982, B. Mills (NTM Z1619). 

Diagnosis 

Chondrilia secunda is characterised by a thick 
spreading, encrusting growth form, an irregular 


undulating surface coarsely mottled in various 
shades of brown with a lighter interior, and 2 size 
classes of oxysphaerasters as the only spicule type. 
Diameter of large oxysphaerasters ranges from 
30-100 pm (mean 65.4 pm, n = 280), and the small 
oxysphaerasters range from 15-30 pm in diameter 
(mean 23.3 pm, n = 280). Density of spicules and 
specimen colour varies among specimens. 

Description 

Habitus as in Figure 1c, d. Thickly encrusting 
with a smooth, shiny surface. Individuals tend to 
form thick spreading encrustations up to 19 mm 
high with small and generally apical oscules less 
than 1 mm wide in preserved sponges. Oscules 
may have slightly raised rims up to 0.5 mm in 
height. Holotype specimen is a thick section of 
an individual 50 mm long by 12 mm high and 
3 mm thick. Texture: Stiff alive, and firm and 
slightly compressible after preservation. Sponges 
have a dense compact interior with fine internal 
canals. Colour: Coarsely mottled shades of fawn, 
brown to dark brown with a cream or fawn 
interior. Specimens vary from little differentiation 
in pigmentation between the choanosome and 
ectosome (WAM Z31396) to dense pigmentation 
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Figure 5 


Type material, internal organisation and 


spicules of Chondrula secunda. A. Lectotype 


fragment ZMB Por 1131. B. Thick section 


slide of ZMB Por 1131, scale bar = 100 pm. C. 


Spicules of WAM Z13262, scale bar = 100 pm. 


D. SEM image of spicules of NMVF157468, 


scale bar 


100 pm. E. SEM image of spicules 


of WAM Z13262, scale bar = 100 pm. F. SEM 


image of spicules of C. grandistellata (ZMB Por 


3167), scale bar = 100 pm 
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towards the surface and around internal canals. 
Degree of pigmentation varies among specimens. 

General organisation: {Figure 5a, b). Ectosome: 
large oxysphaerasters common throughout. This 
region varies in thickness from 140-800 pm, 
frequently with a narrow outer strongly pigmented 
layer 50-150 pm thick. In the type material ZMB 
Por 1131 the two sizes of oxysphaerasters are 
equally abundant in the ectosome. In recently 
collected specimens the ectosome may contain 
more small oxysphaerasters than large (e.g. WAM 
Z13260, WAM Z13270). Occasionally the ectosome 
is barely differentiated from the choanosome, and 
has no additional pigmentation to differentiate it 
(WAM Z13273). Choanosome: The interior is dense 
and compact with fine canals, but less so than the 
ectosome. Both types of oxysphaeraster are more 
dense around internal canals. WAM Z13264 has a 
basal layer of both sizes of oxysphaerasters. 

Spicules: (Figure 5c-e). Two types of oxy¬ 
sphaeraster. Oxysphaerasters: large, either conical 
with faintly mammillate ray tips or with flattened, 
faintly spined 'mesa-topped' rays. These spicules 
are very variable in size, with the diameter from 
ray tip to opposing ray tip ranging from 30-100 
pm (mean 65.4 pm, n = 280). Oxysphaerasters: 
small, consistently tapered, conical rays extending 
from a large central disc. These spicules have a 
size range of 15-30 pm in diameter (mean 23.3 
pm, n = 280) (Table 2). 

Cyanobacteria: sponges were found to contain 
cyanobacteria in low concentrations with 99.8% 
partial sequence similarity to Synechococcus WH 
8103 (Genbank), a species which occurs in the 
water column (Usher et at 2004c). 

Remarks 

Chondrilla secunda has not been reported 
since its first description in Lendenfeld, 1885. 
Our collection of this species has extended its 
geographical range from the type locality in 
Port Phillip Bay, Victoria to the mid west coast of 
Western Australia. It has also enabled a thorough 
redescription of the species including field 
characters. 

We discovered that the only extant type 
specimen of this species is a piece three mm 
thick with four associated microscope slides all 
labeled ZMB Por 1131, and lodged in the Museum 
fur Naturkunde, Berlin. We have designated 
this syntype material to be the lectotype of the 
species. All the syntype specimens of Chondrilla 
secunda Lendenfeld 1885 from the Natural History 
Museum and the Australian Museum (AM 
G9057, BMNH 1886.6.7.92, BMNH 1886.6.7.93- 
94) were examined and found to be specimens 
of C. australiensis or other non-related species 
(BMNH 1886.6.7.92 is a lithistid). The only 
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type material remaining of this species in the 
Natural History Museum are three historic slides 
(BMNH 1886.6.7.95-96 and BMNH 1954.2.10.15) we 
have designated paralectotypes of this species. 
We examined slides (ZMB 650) previously 
thought to be syntype material (Hooper and 
Wiedenmayer 1994) and they are not C. secunda. 
We have distributed recently collected specimens 
of this species to the Museum of Victoria, 
South Australian Museum, Australian Museum, 
Natural History Museum and Western Australian 
Museum to assist future studies on this species. 

The density of spicules, and the relative 
proportions of the large and small oxysphaerasters 
in the choanosome and ectosome of C. secunda 
varies among specimens. The cortical region of 
this species is less pronounced than in C. linnaei 
but more pronounced than in C. australiensis . This 
species is consistently thicker than C. australiensis 
and with a more irregular undulating surface, and 
a more mottled, less finely speckled appearance 
than C. linnaei. In some specimens (e.g. SAM 
SI 107) the two size categories of oxysphaeraster 
grade into each other (Table 2). However, the 
morphology of the oxysphaerasters differs, with 
the small size category having consistently long, 
thin conical rays, and the large size category 
having short, thick conical, mammillate or mesa- 
topped rays. 

Three species of Chondrilla have been described 
with large oxysphaerasters: Chondrilla secunda 
from southern Australia, C. sacciformis Carter 1879 
from Mauritius and C. grandistellata Thiele 1900 
from Indonesia (Ternate). 

Chondrilla grandistellata was synonymised with 
C. sacciformis by Dendy (1916). The type specimen 
of C. sacciformis from the Natural History 
Museum, London (BMNH 95.8.9.2) had oxeas 
as well as sphaerasters. Carter mentioned both 
spicule categories in the type description (Carter 
1879, p. 299), so this is likely to be the true type of 
the species, but oxeas are not a spicule type ever 
reported in the genus Chondrilla. The sphaerasters 
in the specimen BMNH 95.8.9.2 are more like 
sterrasters in form, and this species may need 
to be reassigned to the family Geodiidae. Dendy 
(1916, P. 245) examined teased fragments mounted 
in balsam and a spicule preparation (presumably 
made by Carter), and in the absence of oxeas 
concluded that C. sacciformis was a good species of 
Chondrilla. We suggest that the latter preparations 
are compared to the type specimen and a final 
conclusion made as to whether C. sacciformis is a 
valid species of Chondrilla. 

The type specimen of Chondrilla grandistellata 
(ZMB Por 3167) and a second specimen (ZMB Por 
3007) have large mesa-shaped oxysphaerasters 
with a mean diameter of 140 pm (n = 20) 










Australian Chomirilla species 


479 





t.r.i 

04 



LO 

04 

IF 

rS 


LO 

04 

IF 

rs 




LO 

04 

1.0 

04 




23 


to 

04 




2 

X 

Ct 

1/5 

OI 

25 

ni 

ns 

rs 

rs 

ni 

ri 

FS 

rs 

rs 

OJ 

8 

< 

Xl 






















to 

□6 


£ 

N 

-J 

95 

06 

«5 

09 

d 

* 

S 

m 

ir ; 

■oc 

95 

M 

85 

X 

90 

IF 

X 

X 

IF, 

85 

8 

12.5 







LO 

fF 

Cn 

CO 


IF, 


IF, 

"sC' 

to 

-t 

LF 

Ft 

ns 

o 

o 

o 




o 

rs 

rs 

rs 

FI 

fN 

ns 

04 

FS 

n) 

FS 

FS 

rs 

04 

rs 

rs 

rs 

rs 

rs 

rs 

nj 

04 

oi 

< 

in 

rs 
























is 

N 

-J 

95 

S 

to 

65 

IN 

fN 

7 b 

rs 

in 

09 

d 

rs 

in 

46 

IF 

X 

d 

d 

X 

LF 

56 

X 

68.5 

12.2 



CD 

O' 


rs 

in, 

LF 

LFi 

-t 

LTj 

LF 


o 

F-, 

LF, 

IF 

■n 

IF 

in 

rs 

O' 

LF 

r s 

-t 

s 

0 

CJ 

rs 

04 

<N 

ns 

fN 

ns 

ns 

rs 

FS 

rs 

rs 

FS 

rs 

FJ 

FS 

ns 

rs 

rs 

r s 

ni 

nj 

< 

<N 

m 
























£ 

N 



r- 



m 

IF, 

IF 

o 


IF 


IF 

O 

O' 

IF 

o 

in 

o 

o 

o 

oc 

X 



X 

IT) 

LO 

to 

QO 

tN 

\C 

tN 

r 

O 

tN 



X 

X 


fN 

X 

o 

fN 

d 

R 



«rj 




IF; 

IF 

FS 

IT. 

LTi 

fF 


i.r. 

m 



n 

m 

-t 

ir, 


tn 

X 

X 


o> 

oi 

rs 


fN 

ns 

ns 

r-s 

FS 

r-i 

FS 

FS 

r—1 

rs 

rs 

FS 

FS 

ns 

rs 

ns 

rs 

nl 

ni 

< 

rs| 

m 
























£ 

N 





o 

, 

ns 


LFj 

IF, 

LF 

LF; 

IF, 

o 

IF, 

LF; 

FS 

£K 

o 

X 

rs 

X 

X 



00 

fN 

00 

IN 

fN 

o\ 

fN 

OC 

fx 

OC 

\D 

tN 

“* 

X 

X 

X 

fN 

tN 

tN 

In 

tN 

d 


rs 

X 

t/5 

25 




*S* 


Ff 

o 

LF 


LF 


m 

IN 

ns 

sn 

rs 

ns 

n 

rn 

ns 

rs 

s 

rs 

rs 

rs 

rs 

<N 

F! 

rs 

FS 

FS 

rs 

rs 

rs 

ns 

FJ 

FS 

FS 

FS 

rs 

rl 

rs 

nj 

< 

rs 

m 
























£ 

N 


<—> 



in 

IF 

IF 

o 

LTi 

o 

m 

in 


IF; 

LF 

IF. 


m 

in 

o 

LF 

X; 

SN 




m 


00 

ft* 

X 

m 

rh 

OC 

ts. 

oc 


O' 

X 

X 

X 

X 

Ft 

Ft 

IN 

R 

R 


R 

C/5 




LO 

r-, 

LF 

LF, 

o 

O' 

tN 

Ft 

Ft 


F-, 

LF 

n 

X 

IF, 

LF; 

X 

fN 

X 


FS 

rs 

ni 

rj 

fN 

fN 

ns 

ns 

FS 

ns 

FS 

FS 

rs 

nt 

rs 

rs 

rs 

FS 

rs 

rs 

rl 

CS 

< 

CS 

m 
























£ 

N 

-J 

95 

36 

x 

85 

75 

06 

90 

70 

90 

8 

FS 

cr 

LF 

oc 

IF 

\C 

06 

X 

8 

75 

80 

X 

84.1 

N 


s 

t/1 





04 




IF, 

LF, 

IF, 


LF 

IF', 

rs 

Ff 

LFj 

o- 

LF, 

o 

tN 

Xi 


rs 

ns 

fN 

ns 

04 

ns 

ns 

ns 

rs 

FS 

rs 

rs 

ns 

rs 

rs 

FS 

rs 

rs 

FS 

ns 

ni 

ni 

< 

rS 

<n 
























£ 

N 



LO 

LO 

o 

LO 

X 

LO 

o 

r~ 

LF 

o 

LF; 

o 

LF 

O' 

o 

LF 

o 

O' 

IF, 

8 

F- 



tn 

x, 


LO 

Th 


in 

m 

LF 

LF; 

in 

sc 

LF 

IF 

in 

X 

LF; 

LF 

w 

IF; ; 

id 

cc 



t/5 

1-0 


04 

04 


ns 

Ft 



Ff 1 

FS 

25 

ns 

IF, 

O 

o 

FS 

rs 

ns 

O- i 

ns 

QC 

s 

o> 

04 

oi 

04 

04 

04 

rs 

ns 

FS 

ns 

ns 

FS 

rs 

rs 

rs 

rs 

ns 

rs 

FS 

ns 

rs 


H 

s 






















IN 


z 

N 


in 

90 



04 



O 

FS 

FS 


LO 

LT, 

IF 

o 

LF, 

ns 

LF, 

LF, 

IF 

o 




ITj 

LTi 

sZ5 

Cc 


d 

\C 

d 

O' 

d 

d 

-T 

Ft 

Ft 

Ft 

Ft 

Ft 

Ft 

If! 

IF, 

FS 

LF 

X 



t/5 

04 

o 

LO 

LO 

LO 

F-, 



O' 


F? 

Tt 

FF 


IF, 

rs 

— - 

IF; 

o 

FS 

o 

X 

X; 

s 

IN 

o 

04 

04 

04 

04 

04 

rs 

ns 

ns 


FS 

FS 

04 

ns 

ns 

rs 

FS 

rs 

nt 

ns 

fN 

ni 

< 

t/1 

r-i 

33 


LO 

LO 

LO 

LO 


r~. 

m 

LF 


IF 


LO 


ns 


X 

LF 

n 

ns 


tN 

LF; 





ro 

to 

to 

ro 

fF 

fF 

m 


fF 

fF 


5t 

-t 

n 

n 

fF 

Ft 

Ft 

d 

In 

X, 

Ft 



t/5 

K 

o 


04 


fF 

fN 

in 

o 

m 

FS 

LO 

fF 

rs 

IF, 




LF 


FS 

O 

> 

$ 

04 

OI 

04 

04 

04 

ns 

ns 

F 

ns 

ns 

fN 

04 

FS 

rs 

rs 

FS 

04 

rs 

FS 

ds 

FJ 

rs 

s 

z 

R 

in 

fH 

U. 

-J 

to 

to 

55 

1.0 

I..O 

LO 

d 

09 

55 

d 

LF; 

Ff 

35 

d 

d 

d 

55 

LO 

o 

fN 

o 

56.2 

r2 


in 

t/5 

CO 

LO 


in 

LF 

X 

ni 

LO 

m 

IF 


LF 

m 

LF, 

tn 


LO 

LO> 

in 


ro 

IF 

X 

o 

ns 

OI 

?N 

f i 

FS 

ns 

ns 

04 

ns 

FJ 

fF 

nl 

rs 

rs 

rs 

FS 

OI 

04 

rs 

04 

04 

H 

z 

























s 

CO 

ni 

a 

ch 



LO 


LF 

LF 

IF 

OC 

LO? 

LF 

0 

LF 


■x 

F~ 

X; 

0 

LO 

LO 

o 

LO 

04 

■x 


d 


d 

<0 

fN 

d 

•n 

LO 

tN 

65 

SC 

IN 

LF 

d 

■X 

X 

to? 

90 


'sC 

3- 

IF 



























X 

t/5 

in 

LO 

m 

in 


oc 


LO 

LF, 

LF 

FS 


LF 

LF, 


IF 

LO 

L0, 

LF, 

to 

o 

X. 

X 

O' 

ns 

04 

ns 

F 1 

ns 

F) 

tN 

OJ 

rs 

FS 

FJ 

rs 

ns 

FS 

FS 

rs 

04 

04 

ns 

04 

rs 

nj 

z 

K 























§ 

CQ 

x 

x 

00 


d 

65 

d 

d 

fN 

65 

55 

K 

In 

tN 

IF 

IF ; 

lC 

in 

65 

d 

65 

K 

LO 

t-N 

o 

K 

66.8 

4.7 


in 

tn 

LJ-j 

LO 

LO 

0-4 

in 

fF 

o 

n. 

LO? 

IF, 


LF 

fF 

in 

to 


„ 



tN 

rf 

X 

rO 

X 

O' 

rs 

04 

C 1 4 

ns 

FS 

FS 

■—■ 

r l 

fF 

ni 

FS 

rs 

04 

FJ 

FS 

04 

04 

rs 

04 

ns 

ro 

z 

d 
























d 






















■X 


CO 

d 

00 

_i 

70 

LO 

65 

in 

X 

09 

LF 

X 

d 

d 

LF, 

•C 

LF 

IF, 

O 

d 

65 

65 

70 

R 

LO', 

d 

tX 

8 

tfi 



t/5 

IF 

LO 


t r". 

LO 

LF 

LF, 

X 

IF, 




IF 


L.F 

o 

i..r, 

LO 

n 


X 

X 

CO 

X 

fN 

04 

fN 

rS 

04 

FJ 

rs 


r s 

fs 

F-S 

ni 

FS 

04 

rs 

d 

04 

04 

oi 

04 

rs 

oi 

5 

d 
























N 

O 



o 

in 

IF. 

1.0 

LF 


o 

0 

- 



it, 

i.O 

0 

o 

LO 

LO 

LO 

to 

p; 

x 




p 

■sC 

fS 

fF 

In 

-C 

fN 

fx 

O 

In 

f'V 

IN 

t'N 

X 

X 

X 

LOj 

LO 

On 

■-C 

X 


























Od : 
























7 

X 
























2 



Range 35-77 18-30 50-70 13-37 55-75 20-28 55-75 20-30 35-65 15-27 30-45 16-25 40-62 20-25 30-65 20-28 65-100 20-28 40-95 20-25 65-92 15-25 50-90 20-26 46-95 20-27 60-95 20-27 















480 

and occasional smaller (35-45 jam diameter) 
identical forms, possibly developmental in 
nature (Figure 5f, Table 2). This species has larger 
oxysphaerasters than C, secunda (mean diameter 
65.4 jam), and does not have the second smaller 
and morphologically distinct oxysphaeraster seen 
in C. secunda. Sequence data for these specimens 
could not be obtained, but a large geographical 
disjunction occurs between the tropical C. 
grandistellata (Indonesia) and the temperate C. 
secunda (south coast of Australia), as well as the 
differences in spicule sizes and morphologies, 
therefore we consider C. secunda to be a valid 
temperate species. 

Sequencing of rDNA of nine specimens of 
ChondriUa secunda showed close molecular 
similarity between all specimens (Usher et ah 
2004a), with up to 99.5% sequence identity. 

Distribution and habitat 

ChondriUa secunda is found in Victoria, South 
Australia, and south Western Australia as far 
north as Jurien Bay (Figure 4). It is a temperate 
species occurring on heavily shaded rock faces 
at depths less than 15 m (Usher et ah 2004a). This 
species is uncommon. Specimen NMV F157468 
from Queenscliff, Victoria collected on the 15 th 
November 2001 at 5.4 m depth has synchronously 
developing spermatocysts 33 pm wide. 

Chondrilla australiensis Carter 1873 

Figures 1, 4, 6 

ChondriUa australiensis Carter 1873: 23, plate I, 
figures 10-14,16; Lendenfeld 1885:15. 

ChondriUa corticata Lendenfeld 1885: 18, plate 4, 
figures 18-20, plate 5, figure 17; Hooper and 
Wiedenmayer 1994: 123. 

ChondriUa papillata Lendenfeld 1885: 17, plate 5, 
figures 13-16; Hooper and Wiedenmayer 1994: 
123. 

Material examined 

Holotype of Chondrilla australiensis 
Australia: New South Wales: Port Jackson, ca. 
33°51'S, 151°16'E (BMNH 1895.8.9.1). 

Syntype ofC. corticata 

Australia: New South Wales: Port Jackson, ca. 
33°51’S, 151°16'E (AM G9050). 

Syntype of C. papillata 

Australia: New South Wales: Port Jackson, ca. 
33°5TS, 151°16'E (AM G9051) 
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Other material examined 

Australia: Northern Territory: 1 specimen. 
Coral Bay, Point Essington, lUlj'S, 132°03’E, < 1 
m depth, collector J.N.A. Hooper and A.J. Bruce, 
snorkel, 19 July 1981 (NTM Z377). Queensland: 2 
pieces, Roby Bay, Moreton Bay, 27°18 S, 153°22’E, 
< 1 m depth, collector S. Cook, 7 June 2001 (WAM 
Z13269); 2 pieces. Point Lookout, North Stradbroke 
Island, 27°28S, 153°28 E, < 1 m depth, collector 
S. Cook, 2 June 2001 (WAM Z13263). New South 
Wales: 3 pieces. Bateau Bay, Central Coast, 
33°23'S, 151°29'E, intertidal, collector J. Fromont & 
D. Sutton, 5 January 2001 (WAM Z13254); 2 pieces, 
Flinders Island, Wollongong, 34°26'S, 150°53’E, 11 
m depth, collector A. Davis, SCUBA, 1 March 2001 
(WAM Z13265). Victoria: 1 specimen, Port Phillip 
Bay, 37°58’S, 144°54'E (BMNH 1886.6.7.87-89). 
Western Australia : 2 pieces, Esperance jetty no.l, 
33°5TS, 121°55’E, 10.7 m depth, collector K. Usher, 
SCUBA, 1 May 2001 (WAM Z13266); 4 pieces, Two 
People's Bay, Albany, 34°57’S, 118°1TE, 5.3 m depth, 
collector K. Usher, SCUBA, 8 March 2001 (WAM 
Z13272); 1 specimen. South Mole, Fremantle, 
32°03’S, 115°45'E, 4-10 m depth, collector K. 
Usher SCUBA, 31 October 1999 (WAM Z13257); 
1 specimen, South Mole, Fremantle, 32°03'S, 
115°45*E, 4-10 m depth, collector K. Usher SCUBA, 
31 October 1999 (WAM Z13255); 1 specimen, 
station JWAM13, transect 1, Julia Rocks, Jurien, 
30°09.36'S, 114°59.72'E, 2.5-4.7 m depth, collector 

J. Fromont SCUBA, 3 May 2005 (WAM Z31393); 1 
specimen, Mid-reef, Houtman Abrolhos, 28°46'S, 
114°08’E, 24.8 m depth, collector K. Usher, SCUBA, 
7 May 2000 (WAM Z13257); 1 fragment, Outer reef. 
Exmouth, 21°57’S, 114°07'E, 9.8 m depth, collector 

K. Usher, SCUBA, 15 May 2001 (WAM Z13278); 
1 specimen, station DA3/99/42, Georgeff Reef, 
Dampier Archipelago, 20°29.34'S, 116°36.80'E, 
intertidal, collector J. Fromont, 28 August 1999 
(WAM Z5419). 

Diagnosis 

Characterised by forming thin encrusting sheets 
that vary greatly in size. Colour varies from 
maroon to .ochre exterior with a cream interior. 
Spicule complement of oxysphaerasters (diameter 
range 16-38 pm, mean 25.9 pm, n = 360) and 
oxyasters (diameter range 15-35 pm, mean 23.8 
pm, n = 360). 

Description 

Habitus as in Figure le, f. Encrusting sponge 
of variable thickness 0.2 to 3.0 cm at thickest 
dimension. Individuals may form small encrusting 
patches to extensive spreading mats up to 1 m 
across. Oscules occur on the upper surface and 
are closed or very small (300 pm wide) in the 
preserved state. They can occur on low raised 
lobes 5 mm in height with slightly raised rims up 
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Figure 6 Internal organisation and spicules of Chondrilla australiensis. A. Internal organisation of the holotype (BMNH 
1895.8.9.1), scale bar = 50 pm, spicules indicated by arrows. B. Internal organisation of the holotype (AM 
G9051) of C. papillata , scale bar = 50 pm. C. Internal organisation of WAM Z13266, scale bar = 200 pm. D. 
Spicules of WAM Z13266, scale bar = 20 pm. E. SEM image of spicules of WAM Z13254, scale bar = 10 pm. 
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to 1 mm high. The surface is shiny and slippery. 
Texture: Collagenous, compressible but not 
elastic. The interior is dense and compact with 
fine vertical canals throughout. Colour; Variable 
from chocolate brown to ochre or maroon. Surface 
colour is more homogenous in C. australiensis 
than in the other Chondrilla species occurring 
in Australia. Specimens in high light tend to be 
ochre and those in shade are maroon. Sides of 
sponges can be cream. 

General organisation: (Figure 6a--c). Ectosome: 
Thin superficial layer 5-15 pm wide, usually 
more densely pigmented than the interior. Less 
pigmented layer of ectosome beneath is 110-270 
pm thick. Spicules variable in this region, with 
some specimens including the holotype having 
sparse spicules. In the syntypes of C. corticata 
and C. papillata oxysphaerasters are dense in this 
region. Choanosome: The interior is differentiated 
from the ectosome in colour and density of the 
mesohyl. Spicules can be sparse in this region 
but are more dense around the edges of canals, 
or oxysphaerasters are dispersed evenly, or both 
oxysphaerasters and oxyasters are dense. In most 
specimens oxysphaerasters are the dominant 
spicule but in some the oxyasters are common or 
dominate, particularly lining the edges of canals 
(eg. WAM Z13254 and Z13265). Some specimens 
have a basal layer of oxysphaerasters 150-400 pm 
thick (WAM Z13266, Z13258). 

Spicules: (Figure 6d, e). Small oxysphaerasters 
with short thick rays tapering abruptly to points, 
or occasionally mammillate (diameter range 16-38 
pm, mean 25.9 pm, n = 360). Small oxyasters with 
tapering microspined rays frequently bi- or multi- 
rayed and irregularly bent (diameter range 15-35 
pm, mean 23.8 pm, n = 360) (Table 3). 

Cyanobacteria: sponges were found to 
contain high concentrations of the unicellular 
cyanobacterium "Candidatus Synechococcus 
spongiarum" (Genbank) in surface tissues. 
"Candidatus S. spongiarum" was also found in 
samples of Chondrilla nucnla from the Ligurian 
Sea, with the two symbionts having 100% 16S 
rDNA sequence similarity. This cyanobacterial 
species has not to date been found free-living in 
seawater (Usher et al. 2004c). 

Remarks 

Given the enormous variability in live colour, 
the variable distribution and abundance of the 
two spicule types within the skeleton, and the 
large geographical distribution of Chondrilla 
australiensis in Australia, it was extremely helpful 
in this study to have undertaken molecular 
analyses to complement the morphological 
analyses of this species (Usher et ah 2004a). 
We had previously successfully sequenced the 
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type material (BMNH 1895.8.9.1) and 17 other 
specimens of C. australiensis. Sequence similarities 
between the specimens ranged from 99.1% (4 base 
pair differences) to 100%, with most sequences 
only being 1 or 2 base pairs different from 
each other. However, the sample from Dampier 
typically had only 97.5% sequence similarity to 
other samples of C. australiensis. This species is 
now known from almost the entire coastline of 
Australia (Figure 4). 

Numerous species of Chondrilla with oxysph¬ 
aerasters and oxyasters as the spicule complement 
have been described including C. mixta Schulze 
1877 from the Red Sea, C. distincta Schulze 1877 
from the Caroline Islands, C. nuda Lendenfeld 
1897 from Zanzibar, C. media Hentschel 1912 
from Indonesia, and C. agglutinans Dendy 1916 
from India (the latter four are all accepted 
as synonyms of C. mixta). Chondrilla mixta 
was reported from Christmas Island in the 
Indian Ocean by Kirkpatrick (1900). We did not 
examine this material and cannot determine 
if this species assignment is valid, or whether 
Kirkpatrick had found C. australiensis. The size 
of the spicules he described (oxysphaerasters 
25-30 pm, oxyasters 24-28 pm) are within the 
size ranges we determined for C. australiensis. 
We attempted to collect Chondrilla from a limited 
number of locations at Christmas Island but were 
unsuccessful in finding any specimens. 

Chondrilla globulifera Keller 1891 from the 
Red Sea and C. ternatensis Thiele 1900 from 
Indonesia (Ternate) are considered synonyms of 
C. australiensis (Burton, 1924). Chondrilla jinensis 
Hentschel 1912 from Indonesia is one of the few 
species with a spicule complement of oxysphaer¬ 
asters and oxyasters to have been retained as a 
valid species, and it has larger spicules than C. 
mixta and C. australiensis (oxysphaerasters ca. 50 
pm and oxyasters *5 80 pm). 

Distribution and habitat 

Chondrilla australiensis is found from the 
Northern Territory along the east coast of 
Australia to Victoria, and from south to north 
Western Australia. We did not find this species in 
South Australia, where sampling was minimal, 
and no collecting occurred in Tasmania. This 
is a widespread distribution, with specimens 
occurring in shallow tropical and temperate 
habitats from the intertidal to 30 m depth in both 
shaded and full light environments. The species is 
common, and is always encrusting with a highly 
variable extent of cover. 

Key to Australian species of Chondrilla* 

1. Oxyasters present. Chondrilla australiensis 
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1 n = 20. 

2 Os = oxysphaeraster, Oa = oxyaster. 
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Oxyasters absent.2 

2. Oxysphaerasters present 1 small size. 

. Chondrilla linnaei 

Oxysphaerasters present 2 sizes. 

. Chondrilla secunda 

*we have not included Chondrilla mixta in this key 
as it was not found in this study and its presence 
in Australia remains to be determined. 

DISCUSSION 

In this study we found three species of 
Chondrilla with distinctive spicule complements. 
Chondrilla australiensis has two spicule types; 
oxysphaerasters and oxyasters of similar small 
size. Chondrilla linnaei only has oxysphaerasters 
of a single small size category, while C. secunda 
has two types of oxysphaerasters, one a 
mammillate oxysphaeraster with a large size 
range and a second smaller oxysphaeraster with 
pointed, conical rays and a small size range. 
The distribution and abundance of spicules 
throughout the sponge body is highly variable for 
all three species. In most specimens spicules are 
abundant in the ectosome, or in the apical surface 
layer of the sponge and/or around internal canals, 
and more dispersed in the choanosome. Some 
specimens had a basal layer of spicules. In other 
specimens spicules were more evenly distributed 
throughout the sponge body. The most reliable 
morphological characters of these three species 
are their distinctive spicule complements and 
their growth forms. Chondrilla linnaei forms small 
discrete encrusting lobes, C. secunda comprises 
larger thick encrusting individuals and C. 
australiensis forms extensive thin encrusting 
mats. Neither C. linnaei nor C. secunda ever form 
the extensive mats common to C. australiensis. 
However, even a trained collector will have 
difficulty accurately differentiating these species 
in the field, and a spicule check will be essential. 

Cavalcanti et al. (2007) recently reported very 
high variability in some of the common characters 
used in sponge taxonomy, including skeletal 
organization, surface morphological features 
and spicule sizes, and they could not distinguish 
cryptic species of Chondrilla on the basis of these 
characters. We are fortunate that the Australian 
species described here have distinctive spicule 
complements. 

This morphological study of Australian 
Chondrilla species supports molecular data that 
clearly distinguished the three species using two 
different gene regions (Usher et al. 2004a). For 
the species described here, the greatest genetic 
distance occurred between C. secunda and C. 
australiensis (85.5% and 86.1% sequence similarity 
for the C2D2 and ITS regions, respectively). The 


C2D2 sequence similarity between the holotypes 
of C. australiensis and C. linnaei was 89.7% and 
between C. secunda and C. linnaei 88.1%. These 
results confirm the existence of three species. 
Intraspecific genetic similarity was consistently 
high within all three species, and confirmed the 
south and west coast distributions of C. secunda 
and C. linnaei, and the widespread, almost circum- 
Australian, distribution of C. australiensis. 

Klautau et al. (1,999) identified five distinct 
genetic forms within Chondrilla nucula using 
allozyme techniques, and found that variation in 
spicule size did not correlate with the boundaries 
defined genetically. Some of these genetic 
forms have recently been studied by Vilanova 
et al. (2007) who found that the sulphated 
polysaccharide content distinguished cryptic 
species. This technique can be used on formalin 
fixed, frozen and dried specimens as well as those 
preserved in ethanol (Vilanova et al. 2007). These 
results suggest that there are a number of species 
with almost identical spicule complements and 
sizes that have been found in the Caribbean Sea 
and south western Atlantic that would previously 
have been called C. nucula, thus erroneously 
contributing to the cosmopolitan distribution 
of this species. Instead these are new species 
awaiting formal description, and the distribution 
of C. nucula is thought to be restricted to the 
Adriatic and Mediterranean seas (Klautau et al. 
1999). The incorporation of novel character sets is 
essential for the determination of species within 
Chondrilla and many other sponge genera with 
few distinguishing morphological characters. 

The three Australian species occurred in 
sympatry along the south and west coasts of 
Australia. Chondrilla australiensis has the most 
widespread distribution including both tropical 
and temperate regions of Australia, while 
C. secunda and C. linnaei appear restricted to 
temperate south and west Australia. It may be 
that the species have temporal separation of 
reproductive activity. We found spermatocysts in 
the specimen of C. secunda collected from Victoria 
in mid November, while Usher et al. (2004b) 
reported sperm development occurring over two 
weeks in February/March in C. australiensis from 
Fremantle, Western Australia. If C. secunda also 
has short periods of sperm development (it has 
now been found that most sponge species do), 
then these species are reproducing at different 
times of the year. Studies on the reproduction 
of C. secunda and C. linnaei would progress this 
hypothesis. 

In a recent study Usher and Ereskovsky (2005) 
noted that coeloblastulae larvae of Chondrilla 
australiensis are short lived and begin to settle after 
a free-swimming period of 24-36 h. These short 
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dispersion abilities are now commonly reported 
for sponges and may account for the short 
range endemism of many species. The almost 
circum-Australian distribution of C. australiensis 
could be explained partly by longshore currents 
along continuous coastline gradually dispersing 
larvae or asexual products. Fromont (1999) first 
suggested that asexual fragmentation may occur 
in C. australiensis, and this has been supported by 
Zilberberg et al. (2006) who found similar asexual 
products of Chondrilla species from the Caribbean 
and Brazilian coastline. Their study found low 
clonality (7%) in a heterogeneous environment 
with strong upwelling, and higher clonality (39%) 
in a more homogeneous and temporally stable 
environment. A similar study of the population 
genetics of Australian Chondrilla species would 
increase understanding of their dispersal 
abilities and thus their differing biogeographic 
distributions. 

Individuals of Chondrilla australiensis have been 
found to contain the unicellular cyanobacterial 
symbiont "Candidatus Synechococcus spongiarum" 
(Usher et al. 2004c). These symbionts are 
apparently transferred to the young by vertical 
transmission via developing eggs and occasionally 
sperm (Usher et al. 2005). This symbiont was not 
found in C. secunda or C. linnaei, which contain 
symbionts with 99.8% and 99.7% partial sequence 
similarity, respectively, to Synechococcus WH 8103 
(GenBank), a cyanobacterium from the water 
column (Usher et al. 2004c). Although the presence 
of "Candidatus Synechococcus spongiarum" 
distinguished C. australiensis from C. secunda 
and C. linnaei , some sponge symbionts occur in 
more than one species and over vast geographic 
distances. For example. Usher et al. 2004c found 
"Candidatus Synechococcus spongiarum" in 
samples of C. nucula from the Ligurian Sea had 
100% 16S rDNA sequence similarity to those 
sequenced from C. australiensis. 

This is the third recent publication describing 
new species of Chondrilla. Desqueyroux-Faundez 
and Van Soest (1997) described a new species 
from the Galapagos Islands, and two new species 
have been described from Mexico (Carballo et al. 
2003). The recent awareness of the cryptic nature 
of Chondrilla species (Klautau et al. 1999, Usher et 
al. 2004a, Vilanova et al. 2007) suggests that many 
more species are likely to be found. 
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considered for publication. However, emphasis is placed on 
studies pertaining to Western Australia and neighboring 
regions. Longer papers will be considered for publication 
as Supplements to the Records of the Western Australian 
Museum. Such publications may attract charges to the 
authors to offset the costs of printing - authors should 
consult the editors before submitting large manuscripts. 
Short communications should not normally exceed three 
typed pages and this category ot paper is intended to 
accommodate observations, results or new records of 
significance. All material must be original and not have been 
p u b 1 i s h ed e I sew h e re. 

Presentation 

Authors are advised to follow the layout and style in the 
most recent issue of the Records of the Western Australian 
Museum including headings, tables, illustrations and 
references. When in doubt, use a simple format that is 
easily edited. Please provide line numbers throughout the 
MS (e.g„ in Word go to File -> Page Setup -> Layout (tab) 

“A I.ine Numbers (button), add line numbers and click on 

'■'continuouA' numherin g). 

The title should be concise, informative and contain 
key words necessary for retrieval by modern searching 
techniques. An abridged title (not exceeding 50 character 
spaces) should be included for use as a running head. 

An abstract must be given in full length papers but not 
short communications, summarizing the scope of the work 
and principal findings. It should normally not exceed 2% 
of the paper and be suitable for reprinting in reference 
periodicals. At the end of the abstract, provide several 
keywords not already included in the title. 

The! n te r n a t i o n a 1 Sy ste m o f u n i t s s h o u 1 d b e used. Spell i n g 
should follow the Comdse Oxford Dictionary. Numbers 
should be spelled out from one to nine in descriptive text; 
figures used for 10 or more. For associated groups, figures 
should be used consistently (e.g., “5 to 10", not "five to 10"). 

Systematic papers must conform with the International 
Codes of Botanical and Zoological Nomenclature and, as 
far as possible, with their recommendations. 

Synonymies should be given in the short form (taxon, 
author, date, page) and the full reference cited at the end 
of the paper. All citations, including those associated with 
scientific names in taxonomic works, must be included in 
the references. 

Manuscripts 

Manuscripts should be submitted electronically as PDFs 
or Word files to the editors (listed below). For manuscripts 
with large image file's, submission of a CD is acceptable. 
Manuscripts must be 1.5 or double-spaced throughout. 
All margins should he at least 25 mm wide. Tables plus 
headings, and Figure legends should he on separate pages. 
Tables should be numbered consecutively, have headings 
which make them understandable without reference to the 
text, spell out generic names and be referred to in the text. 

injures 

Lower resolution imagescan be inserted in to a PDF or Word 
document tor review. Upon acceptance, high resolution ffe- 
HHvlb) images m Tfl 1 or JPK i formal can be e-mailed or 


burned to CD and posted to the editors. We prefer TIFF files 
for figures. For Adobe Illustrator and Sigmaplot, save in 
.eps (encapsulated postscript) format; for PowerPoint, save 
in .wmt (windows metafile format); for Excel, save as Excel 
97 worksheet (must contain spreadsheet and embedded 
Heart): and for CorelDravv, save as an .eps file that may he 
opened by Adobe Illustrator. 

Scanned photographs should be saved as TIFF files. All 
TIFF files should be compatible with Adobe Photoshop. 
If figures are prepared in a paint program, for black-and- 
white line art save at 600 dpi as a black-and-white bitmap 
(not greyscale or colour), and greyscale and colour line art 
at 300 dpi. 

Scale must be indicated on illustrations. Use arrows or 
other aids to indicate specific features mentioned in the text. 
All maps, line drawings, photographs and graphs should 
be numbered in sequence and referred to as "Figure" (no 
abbreviation) in the text and captions. Each figure should 
have a brief, fully explanatory caption. 

References 

In the body of the text, references should be cited as 
follows: 

McKenzie and colleagues (McKenzie 1999, 2000; 
McKenzie ct at. 2000.), found that bat frequencies were 
highest on full moons, contra previous workers (Smith 
and Jones 1982; Berman 1988; Zucker ct al 1992). 

For citing taxonomic groups and the author, a comma 
occurs between them: 

The family Carphodactylidae consists of Carphodactylus 
Smith, 1999, Ncphrurus Jones, 1999, Orroya Couper, 
Covacevich and Hoskin, 2001, PhyUurus Sprung, 1888 
and Salt nanus 1lammond, 1901. 

All references must be cited in the text by author and date 
and all must be listed alphabetically at the end of the paper. 
The names of journals are to be given in full. Consult a 
recent edition of the Records for style. For taxonomic papers, 
include full references for all taxonomic groups mentioned 
in the text, in manuscripts dealing with historical subjects 
references may be cited as footnotes. 

Processing 

All manuscripts are reviewed by at least two referees whose 
reports assist the editors in making their decision whether 
to accept the paper. The review process usually takes from 
one to three months, although the review process and 
typesetting for longer manuscripts and supplements are 
usually longer. 

The senior author is sent one sot of page proofs 
electronically which must be returned within one week 
after receipt. 

The senior author will receive 25 free reprints, a PDF and a 
copy ot the entire issue. Additional off prints can be ordered 
at page proof stage. 

Editors 

Manuscripts can be submitted to either Paul Doughty 
(pa u 1. d o u g h t v @ m u se u m. w a ,go v. a u); human studies 
|a nth topology, archaeology or history] and vertebrate 
animals) or Mark fiarvey UVuuHiaivevfumiseum.wu.gov. 
au); invertebrate animals). 










I 


Records of the Western Australian Museum 
Volume 24 Part 4 2008 


CONTENTS 

Preface 319 

Barbara York Main 

A new species of the mygalomorph spider genus Yilgarnia from the Western Australian wheatbelt 

(Araneae: Nemesiidae) 321 

Barbara C. Baehr and Helen M. Smith 

Three new species of the Australian orsoiobid spider genus Hickmanolobus (Araneae: Orsolobidae) 325 

Ricardo Ott and Mark S. Harvey 

A new species of Xestaspis (Araneae: Oonopidae) from the Pilbara region of Western Australia 337 

Michael G. Rix 

A new species of Micropholcomma (Araneae: Araneoidea: Microphokontmatidae) from Western Australia 343 

Norman I. Platnick and Nadine Duperre 

A new species of the spider genus Notsodipus (Araneae: Lamponidae) from Western Australia 349 

Robert J. Raven 

Revisions of Australian ground-hunting spiders: III. Tuxoctenus gen. nov> (Araneomorphae: Zoridae) 351 

Volker W. Framenau 

A new wolf spider species of the genus Artofia from Western Australia (Araneae: Lycosidae) 363 

Julianne M. Waldock 

A new species of Maratus (Araneae: Salticidafe) from southwestern Australia 369 

Christopher Taylor 

A new species of Monoscutidae (Arachnida, Opiliones) from the wheatbelt of Western Australia 375 

Mark S. Harvey and Mei Chen Leng 

Further observations on Ideoblothrus (PseudoScorpiones: Syarinidae) from subterranean 

environments in Australia 379 

Mark S. Harvey and Mei Chen Leng 

The first troglomorphic pseudoscorpion of the family Olpiidae (Pseudoscorpiones), with remarks on 

the composition of the family 387 

Terrie L. Finston, Michael S. Johnson, Brentoh Knott 

A new genus and species of stygobitic para mei itid amphipod from the Pilbara, Western Australia 395 

Ivana Karanovic 

A new species of the genus Candonopsis (Crustacea, Ostracoda) from Western Australia 411 

Roger N. Bamber 

A new species of the freshwater tanaidacean genus Pseudohahm/rapseudeS (Crustacea: Tanaidacea: 

Parapseudidae) from Sulawesi 421 

Murray J. Fletcher and Melinda L. Moir 

Gunawardenea, a new genus of squat leafhoppers from Western Australia, with description of two 

new species (Hemiptera: Cicadellidae: Deltocephalinae) 429 

L. Krogmann, M.C. Day and A.D. Austin 

A new spider wasp from Western Australia, with a description of the first known male of the genus 
Eremocurgus (Hymenoptera: Pompilidae) 437 

Emily A. Glover and John D, Taylor 

Calhtcina and Pseudolucinisca (Mollusca: Bivalvia: Lucinidae) from Australia: revision of genera and 
description of three new species 443 

Adrian M. Pinder 

Phreodrilidae (Clitellata: Annelida) in north-western Australia with descriptions of two new species 459 

J. Fromont, KX. Usher, D.C. Sutton, S. Toze and J. Kuo 

Species of the sponge genus Chondrilla (Demospongiae: Chondrosida: Chondrillidae) in Australia 469 








